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ABSTRACT
Carbohydrates have been used for tests of intestinal function for 
many years and the impaired absorption of carbohydrates in the 
intestinal lumen is either due to the damaged intestinal absorptive 
surface , as in coeliac disease etc ,, in some types of acute 
gastroenteritis , when the absorptive area is reduced by villous 
atrophy , or due to the bacterial overgrowth in the small intestinal 
lumen as in blind loop syndrome , some types of malabsorption , which 
possibly produce alteration in the morphology of the intestinal mucosa. 
Defective transport of sugars ùom the intestinal lumen coupled with the 
impaired absorption of different nutrients produce a typical 
gastrointestinal disease in tropical areas , ' Tropical Sprue ' .
D-Xylose , L-rhamnose and 3-O^Methyl- oc-D-glucose are used as markers 
for the permeability of the small intestine etc. The D-xylose 
absorption test has found increasing acceptance as an index of 
carbohydrate absorption and most sharply and consistently reduced 
values of absorption are usually found in patients with coeliac 
disease and tropical sprue . Despite their widespread clinical use , 
little is known about the biochemical nature of microbial uptake and 
degradation of these sugars by the human flora ,
Therefore the principle aim of the present study was to establish the 
utilization of these sugars by human intestinal organisms , and other 
subsequent metabolism and quantification of fermentation products • 
Fifty-six strains of intestinal bacteria were in vitro incubated 
under both aerobic and anaerobic conditions seperately with the three
Abstract (continued)...
individual sugar-containing media , None of these organisms was able
to metabolise $-0-methyl- oc-D-glucose . Some organisms were also
unable to metabolise D-xylose and L-rhamnose ; however others , e.g.
Bacteroides and Enterobacteria , metabolised them extensively ranging
from )0-100% rhamnose ; 25-68^ xylose , and 40-70% rhamnose ; 50-55% 
of the total carbohydrate supplied, 
xylose/ bo Enterobacteria and Bacteroides respectively . With
Enterobacteria , the extent of aerobic utilizations were 5 - 5  fold
higher than anaerobic ones . The D-xylose and L-rhamnose were found
to be utilized simultaneously by Enterobacteria and Bacteroides .
D-Glucose caused a marked inhibition of D-xylose in Escherichia coli
and Enterobactor aerogenes , but L-rhamnose is utilized simultaneously
with glucose in Enterobacter aerogenes .
Qucajititative analysis of the fermentation products of both D-xylose 
and L-rhamnose indicated that a variety of non-gaseous metabolites 
were produced and among them acetic , propionic , lactic and succinic 
acid were more prominent .
In addition , the bacterial transport system of these carbohydrates 
were studied by an optical method (Plasmolysis) , and also by the use 
of radioactive sugars , D[U-*C]xylose and 5-0-niethyl-D[U-*^C]glucose .
5. LIST OP ABBREVIATIONS
concentrated cone
concentration concn
Escherichia coli Esch. coli
Enterobacter aerogenes Ent. aerogenes
experiment expt
gas-liquid chromatography GLC
D-glucose Glc
5-0-methyl- oc-D-glucose 5mGlc
hour h
minutes min
mean generation time MGT
optical density O.D
L-rhamnose Rha
second sec
solution soln
thin layer chromatography TLC
weight wt
D-xylose Xyl
volatile fatty acid VPA
non-volatile fatty acid NVPA
/ /
5 ,5 - cyclic adenosine 
monophosphate
cAI4P
/
/
adenosine-5-triphosphate ATP
basal medium BM
TABLE OF CONTENTS page no.
TITLE PAGE 
ABSTRACT
LIST OP ABBREVIATIONS 
TABLE OP CONTENTS 
LIST OP TABLES 
LIST OP FIGURES 
LIST OP PHOTOGRAPHS.. 
ACKNOWLEDGEMENTS
Chapter 1 
INTRODUCTION :
Chemistry of D-xylose , L-rhamnose and 5-0-methyl- oc-D- 
-glucose 
The intestinal flora 
The intestinal transport of sugars
Malabsorption ....  caused by Bacteria
The metabolism of carbohydrates by Bacteria
a. Transport
b. Metabolic pathways
Chapter 2
MATERIALS AND METHODS ;
Organisms 
Chemicals
Thin layer chromatography 
GLC apparatus 
Cell growth
Growth and maintenance media 
Growth and maintenance conditions 
Quantification of carbohydrates 
Viable cell counts 
Dry cell weight determination 
Estimation of fermentation products
1
3
5
6
9
10 
12 
15
14
14
15 
25 
28 
31 
31 
36
44
44
47
47
48 
48
52
52
55
55
56
Table of corrtents (continued),.. page no.
Scintillation
Plasmolysis of Enterobacter aerogenes with glycerol 
Measurement of rates of permeation
Uptake of u[U-^C]xylose and 3-0-niethyl-D[U-^c]glucose
Chapter 5 
RESULTS ;
Qualitative assessment of D-xylose , L-rhamnose and 
5-0-methyl-D-glucose utilization by gut Bacteria 
Utilization of sugars under aerobic conditions 
Utilization of sugars under anaerobic conditions 
Incubations with mixture of 3 sugars .,
Incubations with faecal homogenate
Chapter 4
Uptake and metabolism of D-xylose , L-rhamnose and 
5-0-methyl-D-glucose
Time course experiments with single sugar 
Time course experiments with sugar mixture 
Experiments with a faecal homogenate 
Products of D-xylose fermentation 
Products of L-rhamnose fermentation..
Control of D-xylose and L-rhamnose metabolism 
Experiments with sugar mixtures used for diagnostic 
purposes.. .. .. .. ..
Discussion .. .. ..
Chapter 5 -—
Transport of D-xylose , L-rhamnose and 5-0-niethyl-D- 
-glucose into Enterobacter aerogenes 
Sugar entry measured by an optical method 
Rate and control of sugar entry
61
64
64
65
67
67
69
71
74
76
76
77 
84 
89 
89
93
95
100
105
105
.106
Table of contents (continued).,, page no.
Uptake of D[U-^C]xylose and 3-0-niethyl-D [U-^] glucose 
by Enterobacter aerogenes ,, ,, ,, ., ,. ^
Discussion ,, ,. ,, ,, ,, ,,
Chapter 6 
DISCUSSION
REFERENCES
116
123
LIST OP TABLES
page no.
Table 1.1 Indigenous flora of upper small intestine
Table 1.2 Occurence of selected bacterial groups in faeces
Table 1.5 Rates of transport across the human small intestine
Table 1.4 The dietary carbohydrate malabsorption
Table 2.1 Organisms used in this study
Table 5.1 Utilization of single sugars (25mM) by obligate .
aerobes and facultative anaerobes,aerobically
Table 5*2 Utilization of single sugars (25mM) by facultative 
anaerobes under anaerobic conditions
Table 5»5 Utilization of single sugars (25mM) by obligate 
anaerobes
• • # * # # # # # e # #
Table 5*4 Growth on mixed sugars (Xyl,Rha and 5mGlc) each 
25mM , under anaerobic conditions,.
Table 3»5 Utilization of Xyl,Rha and 3mGlc by faecal
homogenate ,, .............................
Table 4.1 Quantitative analysis of significant non-gaseous 
products of Xyl fermentation
Table 4.2 Quantitative analysis of significant non-gaseous 
products of Rha fermentation
Table 4.3 Incubations of complex sugar mixture with selective 
species under anaerobic conditions
Table 5.1 Rate of sugar entry into Ent. aerogenes
Table 5.2 Effect of Glc and Rha on the rate of entry of 
various sugars into Ent. aerogenes
19
19
27
29
45
68
70
72
73 
75
91
92
96
109
110
10
LIST OF FIGURES page no.
Figure 1.1 Schematic of features of villus architecture and
the mucosal lining of the small intestine .. .. 24
Figure 1 .2 Phosphoenolpyruvate: sugar phosphotransferase
system in bacteria ...........     33
Figure 1.3 Schematic representation of the bacterial cytoplasmic
membrane to illustrate the chemiosmotic model for 
bacterial carbohydrate transport ................  33
Figure 1.4  Pathways for the conversion of D-xylose to pyruvic
acid by Esch. coli. ..........................  37
Figure 1.5 Oxidative catabolism of pentoses ..   39
Figure 1.6 Pathways for the formation of products of the mixed
acid fermentation...............................  40
Figure 1.7 Pathways for the metabolism of L-rhamnose .. .. 42
Figure 2.2 Ent. aerogenes : cell density vs cell dry weight..
Figure 2.3 Elution profile of VFAs and alcohols............ 59
Figure 2.4 Standard calibration curves of 'V F A s ............  60
Figure 2.5 Elution profile of NVFAs ......................  52
Figure 2.6 Standard calibration curves of NVFAs ............  63
Figure 4 .1 Ent. aerogenes incubated with single sugars under
aerobic conditions...............................  jq
Figure 4.2 Esch. coli incubated with single sugars under
aerobic conditions   79
Figure 4.3 Esch. coli incubated with single sugars under
anaerobic conditions .. ..    80
Figure 4.4 Ent. aerogenes incubated with single sugars under
anaerobic conditions .....................  ..''81
Figure 4.5 B. vulgatus incubated with single sugars .. .. 82
Figure 4.6 B. thetaiotaomicron incubated with single sugars.. 83
Figure 4.7 Ent. aerogenes incubated with mixture of Xyl , Rha
and 3niGlc aerobically..........................  85
11
List of Figures (continued)... page no.
Figure 4 .8  Esch. coli incubated with mixture of Xyl , Rha and
5mGlc under aerobic conditions .....................
Figure 4.9 Esch. coli incubated with mixture of Xyl , Rha and
3mGlc under anaerobic conditions ................  gy
Figure 4.10 Ent. aerogenes incubated with mixture of Xyl , Rha
and 3mGlc under anaerobic conditions...................gy
Figure 4 .11 B. vulgatus incubated with mixture of Xyl , Rha and
 88
Figure 4.12 B. thetaiotaomicron incubated with mixture of Xyl ,
Rha and 5niGlc ....................................... gg
Figure 4.13 Faecal homogenate incubated with mixture of Xyl ,
Rha and 3niGlc under anaerobic conditions...........
Figure 4.14 Control of Xyl and Rha utilization in Esch. coli ..
Figure 4.15 Control of Xyl and Rha utilization in Ent. aerogenes.
Figure 4.16 Complex sugar mixture incubated with faecal •
homogenate under'anaerobic conditions ...........
Figure 4.17 Complex sugar mixture and arabinose incubated with
faecal homogenate ...............................
Figure 4.18 Complex sugar mixture and mannose incubated with
faecal homogenate .. .. .. .. .. .. .. ^9
Figure 5.1 The change of optical density of cell suspensions of 
Esch. coli and Ent. aerogenes upon being mixed with 
various diluents .............................. .
glycerol ....................................  .'.
104
Figure 5.2 The change of optical density of cell suspension of
Ent. aerogenes upon being mixed with 0.25M sugars .. iq^
Figure 5.3 Glycerol permeability of Ent. aerogenes grown on 
basal medium supplemented with 25mM Rha , Glc or
107
Figure 5 .4  Glycerol permeability of Esch. coli grown on basal 
medium supplemented with 25mM Rha , Glc or 
glycerol ............................................ -,00
12
List of Figures (continued)... page no.
Figure 5«5 Uptake of D[U-*^C]xylose by washed ceil suspensions
of Ent. aerogenes...............................  -,-,2
Figure 5*6 Uptake of 3-0-methyl- oc-U[U-^^C]glucose by washed
cell suspensions of Ent. aerogenes ...........   ^^ ^
LIST OF PHOTOGRAPHS
Figure 1 Separation of sugars by TLC 54
15
ACKNOWLEDGEMENTS
I would like to take this opportunity to thank Dr P.M.Bramley for 
his encouragement , support and supervision during the course of 
this study and especially during the writing of this thesis .
I also wish to express my gratitude to Professor J.B.Pridham for 
his interest , support and helpful advice ,
The interest and helpful discussion of Dr I.S.Menzies , St Thomas's
Hospital Medical School , was also much appreciated
Thanks are also due to Mr M.A.Malik and Mr A.M.Mughal for various
matters and , above all , for their moral support .
14
Chapter 1 INTRODUCTION
Chemistry of D-xylose , L-rhamnose , and 3-0-methyI-D-glucose
D-Xylose is widely distributed in nature in the form of xylans , 
which are polysaccharides befond mé to the  hemcceHulose. é r a u  p , it 
is found in high concentrations in wood , straw , corncobs , cotton 
seed hulls and pecan shells (Sowden , 1957) and is also present in 
cereal grains such as wheat , oats , barley and rye (Gascoigne and 
Gascoigne , I96O) . True xylans composed exclusively of D-xylose 
residues are extremely rare , Espartograss D-xylan is an example . 
Hydrolysis of plant xylans with nitric acid gives a high yield of 
D-xylose (95%)» and the polysaccharide may be represented crudely 
by (C^HsO^)^ . It is also prepared from com cobs by boiling with 
acid , fermenting out the D-glucose with yeast , and crystallizing 
the D-xylose from the evaporated solution (Bates e_t ^  , 1942).
L-Hhamnose is a constituent of many glycosides and has been isolated 
in the free state from extracts of the leaves . The occurrence of the 
free sugar probably results from hydrolysis . Some polysaccharides of 
gums and mucilages contain L-rhamnose . The sugar is found in both 
anomeric forms . Under ordinary conditions, oc-L-rhamnose.H20 
crystallizes . On heating oc-form loses water of crystallization and 
partly changes to the p-form . The later is hygroscopic and is ' 
converted to the oc-form on exposure to moist air • Like other deoxy 
sugars , on distillation with hydrochloric acid , L-rhamnose produces 
5 methyl furfural .
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3-0-methyl-D-Glucose (3mGlc) is a synthetic a<irbokjciroote  ^ uibicb 
i5 not found in ncdure
In general , the synthetic procedure consists of 
the méthylation of the carbohydrate with subsequent hydrolysis and 
desalting . 3niGlc has been used as a non metabolizable glucose 
analogue in studies of glucose transport (Stein , I9 6 7) . Recently 
it has been found to be metabolized by an obligate aerobic yeast , 
Cryptococcus laurentii (Bhanot and Brown , I98O) •
The intestinal flora
The complex nature of intestinal bacterial population is emphasized 
by the variety of species normally present and by the diverse factors 
involved in their development and maintenance • More than 60 different 
species have béenriaoiated-from the intestinal tract or faeces of 
apparently healthy men and animals (Donaldson , 19&4 ; Bomside ,
1965 ) . In more recent studies , 113 distinct types of organisms 
have been observed while studying the normal flora of Japane^^e 
Hawaiians (Moore and Ho1deman , 1974) • The bacterial groups most 
often present in significant numbers are considered to reside in the 
intestine (Rosebury , I9 6 2) . Other organisms found less frequently 
or in relatively small number are thought to reside in the mouth and 
respiratory tract and simply to be contaminants in the intestine . 
Bacteria are notably predominant in the intestinal tract but protozoa 
of many types occur widely and yeasts are frequently demonstrated
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(Clark and Bauchop , 1977) • The complete enumeration and identifica­
tion of all microbes present in the gut , and their relative 
proportions , whilst being a most useful study , is methodologically 
very difficult and complex .
Nature and distribution of flora
The gastrointestinal tract of man has four major areas : mouth , 
stomach , small intestine and large intestine . The mouth has a 
complex structure and its flora probably reflect the differing micro­
environments of its various regions (Farmer and Lawton , I9 6 6) . The 
bacteria cultivated from saliva were Streptococci , Veillonella and 
Fusobacteria . Staphvlococci , Lactobacilli , Corvnebacteria and 
Bacteroides are reported to be usually present (Rosebury , I962 ; 
Farmer and Lawton , I9 6 6) .
Any microbes isolated from gastric contents are considered transients, 
either having passed down from habitats above the stomach or having 
been present in ingested material (Drasar and Hill , 1974) •
The small intestine can further be subdivided into duodenum ,jejunum 
and ileum , The duodenum or upper small intestine contains . sparse , 
transient , bacterial flora which includes only slight numbers 
of coliforms and streptococci (Bomside , I9 6 5) . The count of viable 
bacteria seldom exceeds 10^ per ml of intestinal contents • For a 
period after a meal an increased number of bacteria can be isolated 
from jejunal samples (Gorbach et al ., I967 ; Drasar et al., I9 6 9) .
The lower small intestine , the distal and terminal ileum , appears to 
contain a'- richer and more permanent flora than the upper , Although 
Lactobacilli anil Streptococci are still prominant , Bacteroides and
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Enterobacteria ocpur more constantly (Bomside and Cohn , I9 6 5) .
The distribution of bacteria along the intestine varies throughout 
the day with the bacteria in the small intestine being replenished 
after each meal. The concn. of bacteria is probably always lowest in 
proximal intestine and greatest at the terminal ileum (Drasar and 
Hill , 1 97 4) .
The large intestine , including the caecunr.iand. colon, normally 
harbors complex microbiota in significant numbers. The colon is the 
site of marked bacterial proliferation . The nonsporulating anaerobes, 
Bacteroides, are usually present in the largest number , varying 
from 10^ - 10^2 organisms per gram of wet faeces (Rosebury , I962 ) . 
Enterobacteria of coli-aerogenes group are also regularly found and 
usually number 10^ - 10^^ organisms per gram . Proteus , Enterococci , 
Lactobacilli , Pseudomonas and spore-forming anaerobes are frequently, 
but not always , cultured from the large intestine or faeces of 
healthy persons . The character of the intestinal flora , in terms of 
relative numbers of the different species present , is poorly defined 
and may vary greatly .
Types and number of organisms
The intestinal microflora may be divided into two main types ; the 
resident flora which varies very little under constant conditions , 
and the transient flora which is introduced with meals and causes a 
wave like increase in the microbial population .
The fasting normal stomach in man is virtually sterile because of the 
presence of acid . After a meal , however , counts upto 10  ^organisms 
per ml may be recorded (Drasar £t al ., I9 6 9) .
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In the duodenum and upper jejunum gram-positive micro-organisms are 
mainly isolated , in concns. rarely exceeding 10  ^- 10^ organisms 
per ml . Other organisms were present in small numbers (Table 1.1 ) .
Faw Enterobacteria ov Bacteroides hztva ewey bee.n 
isolated from normal subjects ( Tabaqchali , 1^74 ) ,
Towards the ileum the concn. increases and Enterobacteria and Bacteroides
8 7may also be present . The concns. may reach 10 - 10 organisms per
ml in the distal ileum (Gorbach et , I967& ; Drasar et al., 196 9) .
In the caecum the situation changes and the composition was similar 
to that found in faeces (Tabaqchali , 1974) • The non-sporing 
anaerobic bacteria from the bulk of the flora and aspirates yielded 
upto 10^ organisms per ml (Gorbach et ^ . , 1967a) . Only when the 
continuity of the intestine was interrupted by any means , as in 
patients with ileostomy , the bacterial counts in ileal contents 
were found much higher than those of normal ileal contents but lower 
than those of faeces (Drasar and Hill , 1974) •
The total viable bacterial counts obtained from faeces (Table 1.2 )
using the very strict anaerobic techniques were in the region of
10^^ - 10”*^  organisms per ml of faeces (Drasar et ad., 1969b) .
Anaerobic bacteria constitute the majority of the faecal flora ,
making up approximately 98 - 99 % of the total count , Bacteroides
and Bifidobacterium being the dominant (Hill and Drasar, 1975 »
Tabaqchali , 1974) • The flora described above represent the indigenous
/
flora of the intestine , which was well maintained and showed very .. 
little variation in repeated samples from the small intestine (Gorbach 
et ^  1967a) and from the faeces (Moore et al ., I9 6 9) .
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Table 1,1 Indigenous flora of upper small intestine
Genera Bacteria/ml intestinal contents
Streptococci 10  ^- 10^
Lactobacilli 10^ - 10^
Veillonella N _ 10*
Staphylococcus N - 10^
J^eisseria N - 10^
Enterobacteria N - ZlOO*
Bacteroides N _ ZlOO*
N : nil , * : less than 100 .
Table 1 .2 Occurrence of selected bacterial groups in faeces
Genera Bacteria/g faeces
Bacteroides _
Bifidobacterium io'° - 10^1
Clostridium 1o4 - 105
Enterobacteria 10? - 10®
Eubacteria 10'° - ioii
Lactobacillus io5 10^
Streptococcus 10^ - 10?
Veillonella 10^ 10®
These tables are based on the data of ;
( Tabaqchali , 1 9 7 4  ; Drasar and Hill , 1974) . ^
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The medical importance of sugars in relation to intestinal permeability
Aspects of intestinal function such as absorption can often be quite 
adequately assessed by measuring the rise in blood concentration or 
renal excretion of a selected test sugar , following oral administra­
tion of a standard dose . This represents one form of the 'function 
test', a well established principle of clinical investigation . 
Employment of D-glucose as an indicator of intestinal absorption has 
three main disadvantages : it is continuously present in the . 
circulating blood and the concentration may fluctuate for metabolic 
reasons ; behaviour after injection is influenced by several factors 
unrelated to intestinal absorption ; and lastly , it is so efficiently 
absorbed by the intestine as to be unaffected by minor defects of 
intestinal transport and therefore an insensitive indicator (Menzies 
et ^ . , 1 9 8 3  ; Raj an , I9 6 1)
The D-xylose absorption test , introduced by Helmer (193?) » is less 
influenced by metabolic processes and has been employed successfully 
by many workers (Fourman, 1948 ; Christiansen, 1959 » Einiay, 1958 ; 
Cook, 1972 , I9 8I) .Although it has been useful in the diagnosis of 
coeliac disease (Rolles , 1973 ; Buts et , 1978) and Tropical 
sprue (Sleisenger , I969 ; Cook , I9 8I) , results are variable with 
some other diseases (Christiansen, 1959 » Butterworth, 1959) and in 
elderly persons without intestinal disease (Fowler, I96O ; Montgomery, 
1978),. D-xylose is absorbed chiefly from the upper small intestine 
(Fordtran, I9 6 2) by diffusion facilitated by a carrier system(Solomon, 
1961) . Absorption proceeds slower and is less complete than the 
absorption of actively transported sugar , D-glucose or 3mClc which 
are absorbed against concentration gradients over the entire length
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of the small intestine (Crane, I960) . Most of the absorbed Xyl is 
excreted by the kidneys, bat a substantial portion is metabolized 
(Butterworth, 1959 > Segal, 1959) • Because of these properties ,
Xyl lends itself better to tests of intestinal absorption than does 
glucose (Eordtran, I962) ,
The choice of optimal test dose of Xyl has varied considerably .
For adults some workers employ 25g (Benson et ^ , , 1 9 5 7  ; Bindmarsh ,
1976) while others use 15g (Stevens et , 1977) or 5g (Shantini,
1961 ; Haeney et , 1978) on the grounds that the larger dose may
produce intestinal hurry and osmotic purgation . Infants and children
receive either a fixed 5g dose (Holies et , I973) or a variable
dose related to body weight (Wolfish et , 1955 » Bamabadusuria
et al., 1975) or surface area (Buts et ^ . , 1978) .
The potential advantages of 5mClc for use as an indicator of human
intestinal absorption were first investigated by Fordtran and his
colleagues (1962) . This synthetic monosaccharide is actively r- - ('
transported by the intestinal lumen . It is not metabolized in the
body and almost the entire amount absorbed can be recovered in the
urine (Csaky and Glenn, 1957 » Fordtran et ^ . , I962) .
5mGlc has been combined with Xyl to provide a differential absorption
system which exploits the contrasting sensitivity of these two sugars
to impaired intestinal absorption (Noone £t ^ . , I982) . Plasma
B-xylose/3mGlc ratios measured 60 min after oral administration gave
/
a more reproducible normal range and better diagnostic discrimination 
than B-xylose concn alone . In this procedure 5mGlc provides a 
correction for several variables : these include gastric emptying 
and the space of distribution after absorption .
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L-Rhamnose (Rha),.which is also known as 6 - deoxy - L - mannose , is
much more slowly absorbed by diffusion method from the human jejunum
than either Xyl or 3mGlc (Herman, 1974) • Urinary excretion values 
reflect the intestinal capacity for non-mediated diffusion , 
unmodified by metabolism and thus is more suitable for studies of 
non-mediated intestinal permeation . It is also used in combination 
with other sugars e.g., mono and/or disaccharides, for tests of 
differential permeability where monosaccharide transfer-related 
mainly to absorptive area and oligosaccharides to the incidence
of channels that become more numerous in the presence of epithelial 
damage (Menzies et alv, 1985 ; -Noone £t ^ . , 1982) .
Breath excretion of^^C02 after the oral administration of •
10 p Ci Bjb-^CJ^yiose with 1.0 g unlabeled xylose , has been 
demonstrated to be a feature of small intestinal bacterial overgrowth, 
where the concn. of^^002 was significantly elevated in patients with 
small intestine bacterial overgrowth as compared with control 
(King et ^ . ,  1979) .
Production of 14002 Bn experimental rat blind loop has been 
evaluated by means of D[U-14C] xylose breath test , which is 
correlated with the significant increase of gram - negative coliforms 
in jejunal contents (Toskes et al., 1978) .
25
The intestinal transport of sugars 
The intestinal absorptive surface
The small intestine , where the absorption of sugars takes place , 
is a tube connecting to the stomach at its upper end and to the 
large intestine at its lower . In the human adults the tube is 
about 280 cm in length and an average 4cm in internal diameter 
(Crane , 1975) • Bocated over the entire surface of the small 
intestine , from approximately the point at which the common bile 
duct empties into the duodenum down to the ileocecal valve , are 
millions of small villi , which project about 1 mm from the surface 
of the mucosa . These villi lie so close to each other in the upper 
small intestine that they actually touch in most areas , but their 
distribution is less profuse in the distal small intestine . The 
presence of villi on the mucosal surface enhances the absorptive area 
to at least 10 - fold (Guyton , 1971) • Each villus is covered by a 
sheet of absorptive epithelial cells punctuated at intervals by the 
so-called goblet cells which supply protective mucosa . Between the 
villi are to be found crypts within which the cells are produced and 
from which they migrate outward along the surface of a villus during 
a short 5 - 4  days of active life before being extruded into the 
lumen of the gut where they disintegrate and are digested .
The villus is the working unit of the small intestine . It is on , 
this structure that the inner ends of the absorptive cells are 
brought into close proximity to the blood and lymph which must pick 
up absorbed nutrients and carry them to the other parts of the body .
Schematic of features of villus architecture and the mucosal lining
of the small intestine
CELL ^  
EXTRUSION 0 VILLUS
GOBLET
CELLS
BRUSH BORDER 
WITH MICROVILLI
ABSORBTIVE
CELLS
JUNCTION
BLOOD AND LYMPH VESSELS
The diagram is based on the information of(Crane, 1975)
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The outer ends of^  the absorptive cells are in contact with the 
contents of the intestine and are specialized to perform their 
necessary work . The outer end of each cell is a " brush border " 
made up of closely packed , parallel cylindrical processes called 
microvilli of approx, 1 [1 length and 0,1 diameter • Located near 
the brush border of the epithelial cell are many mitochondria , 
which supply the cell with oxidative energy needed for active transport 
of materials through the intestinal epithelium ,
Sugar transport
Glucose and galactose are transported across the small intestinal 
surface by a highly selective and active , energy-dependent , 
intestinal transport mechanism while fructose is absorbed by a 
separate, carrier-mediated process (Gaspary , 1977 ; Bieberdorf,1975 » 
Kimmich, 1981j . The details of this active transport system have 
been clarified in a series of studies by Crane and his co-workers 
(i960 ; 1962 and 1975) • The active absorption is effected by a 
sodium dependent membrane carrier and his co-transport mechanism of 
the coupled movement of b-glucose and Na"*" across the brush border 
membrane is now universally accepted (Crane, 1977) t but little is 
known of the chemical structure of the intrinsic membrane protein(s>l 
catalysing Wa"*"/ 13-glucose co-transport (Semenza, 1982) , The brush 
border membrane may be the site of action of the Na- ions (Crane, I962 ; 
Bihler et ^ , , I9 6 2) ,
The rate of glucose absorption in the duodenum is 6 - 20 ^while in 
the jejunum,25 - 40 g/h can be absorbed from a 45cm length(Herman,1974)
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The rate of absorption ofvarious sugars vary in the sequence ; 
galactose^ glucose ^  fructose ^  mannose ^  xylose ^  arabinose
A comparative study of the rate of transport , vivo , of various 
mono-and disaccharides across the small intestine (Table 1.5) was 
performed by Gray and co-workers (1966) .
5mGlc is transported across the brush border membrane by active 
transport mechanism , similar to that for B-giucose (^brdtran , 1962). 
B-Xyiose has a very low affinity for the hexose transport system and 
is absorbed extremely slowly compared with glucose and 3niGlc 
(Cook , 1977) • L-Rhamnose is much more slowly absorbed from the 
human jejunum than -D-xylose and a mediated process seems to contribute 
little to its absorption (Menzies at , 1979) • The rate of 
absorption of these sugars is in the sequence ;
3mGlc ^  xylose ^  rhamnose
Medical aspects of intestinal sugar absorption
Sugars are of medical interest in relation to the alimentary tract 
for several reasons : a. the ingestion of poorly absorbed sugars
may alter intestinal behaviour and produce symptoms ,
b. the administration or restriction of appropriate sugars can be of 
value in the treatment and possibly the prevention of disease ; and
c. certain sugars are employed as indicators for the clinical 
investigation of intestinal function and integrity . /
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Malabsorption ^
l'iost diseases of malabsorption are characterized by steatorrhea with 
variable malabsorption of fat , soluble vitamins , carbohydrates , .
proteins , minerals , water soluble vitamins and water . These 
malabsorptions are consider to be due to a wide range of ■ 
absorptive defects in the small intestine including the defective 
digestion and absorption of carbohydrates , conjenital or acquired 
enzyme defects , impaired transport of sugars , damaged absorptive 
surface of small intestine or inflammation of the intestinal mucosa 
due to infection , ecological changes of microbial flora in the 
small intestine , overgrowth of bacteria (blind loop syndrome) or the 
morphological changes in small intestine observed in the tropics .
Sugar malabsorption
Malabsorption of carbohydrates may arise as a consequence of - . •
defective disaccharide hydrolysis or monosaccharide transport (Bayless
and Christopher , 19^9 ; Cray , 1976) . Either can be the result of
a genetically determined primary defect or of intestinal damage due .
to infection (bacterial , protozoal , viral gastroenteritis) , coeliac
disease (intestinal sensitivity to the gluten of wheat in susceptible
individuals) , or some other acquired secondary conditions •
Genetically determined defects of sugar absorption are usually
specific ; i.e., they affect a single factor only , whereas acquired
/
diseases tends to produce an impairment of several different 
functions simultaneously , though some ( like lactose hydrolysis)
are more vulnerable than others .
The more characteristic carbohydrate malabsorptions are listed(Table 1.4)
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iXIalabsorption ca^ged by bacteria
Bacteria could interfere with digestion by degrading enzymes and 
secretions , or by competing with the body for nutrients . These 
mechanisms probably account for the malabsorption of fat , proteins 
and vitamin B-|2 in the blind loop syndrome • Severe persistant 
diarrhoea and malabsorption caused by bacterial overgrowth of the 
small intestine have been studied (Simpson , 1982) in dogs . Studies 
on germ free animals have shown that the bacteria can influence the 
mucosa and some studies in patients with an abnormal flora suggest 
that similar changes may occur in human disease (Dyer & Hawkins,1972).
Post pathogen malabsorption
Intestinal absorption may by impaired during acute diarrhoea due to 
pathogenic bacteria (Lindenbaum , I9 6 5) but such malabsorption seldom 
persists after recovery from the acute disease (Gorbach £t , 1970 ; 
Giannella et al., 1971) • Chronic malabsorption due to bacterial 
action has been demonstrated unequivocally in the blind loop syndrome 
(Giannella at aJ., 1971) although acute malabsorption has received 
comparatively little attention ,
The blind loop syndrome
The blind loop syndrome , characterized by vitamin deficiency , 
steatorrhoea and weight loss , can result from a number of structural 
abnormalities , including intestinal stricture , fistula , divertipuli 
and static afferent loops • The malabsorption that occurs in blind 
loop syndrome is not due to any particular pathogenic bacterial
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species but rathej to the distribution within the intestine of 
bacteria normally found in the large intestine (Drasar and Hill, 1974).
Malabsorption in the tropical countries (tropical sprue)
The intestinal disorders occuring among the indigenous population of 
the tropics and visitors to certain tropical regions , characterized 
by diarrhea , weight loss , and manifestation of nutritional 
deficiencies are grouped together as ' Tropical Sprue ' (Drasar and 
Hill , 1974) • The tropical sprue patients can often be treated with 
antibacterial agents although the response has been si ow as compared 
to the patients with blind loop (Gorbach et , 19&9) . &ven though 
no specific bacteria has ever been implicated as the cause of this 
disease , it is believed that this variety is often caused by 
inflammation of the intestinal mucosa resulting from a yet 
unidentified infectious agent (Guyton , 1971) •
The metabolism of carbohydrates by bacteria 
Transport processes
'The uptake of exogenously supplied carbohydrates may be energy 
dependent (active transport and group translocation) or energy 
independent (passive / facilited diffusion) . Sugar uptake in bacteria 
is mainly energy - dependent . 'The most widely observed mechanism is 
that described as active transport , in which the sugar taken up 
appears inside the cell in a chemically unchanged form , at a much' 
higher concentration than that outside the cell . In a second 
mechanism known as group translocation , the sugar is chemically 
altered on uptake , as exemplified by the phosphorylation of various
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sugars by a phosphoenolpyruvate - dependent phosphotransferase 
system (fig. 1.2) . Different microorganisms utilise these routes to 
different extents (Homano et , 1970) . In Escherichia coli and 
Salmonella tiphimurium , the organisms for which the most detailed 
information about the fTS is available , the system catalyzes the 
concomitant transport and phosphorylation of several sugars (Saier , 
1977 ; Dills et , 1980) . Although , it was thought that operation 
of the PTS was restricted to facultative and obligate anaerobes and 
that active transport was the mechanism of sugar uptake in aerobic 
bacteria (Homano et al., 1970) , presence of the PTS in two 
Pseudomonas (Baumann and Baumann , 1975) suggests that a more 
comprehensive study is required before the distribution of the two 
uptake mechanisms can be fully defined .
Active transport
The molecular basis of the active transport of sugars is less well
understood than that of the group translocation mechanism , although
it is believed that both mechanisms involve components associated
with the cell membrane . 'Two hypothesis were advanced to explain the
nature of energy coupling involved and the driving force involved in
solute transport . The first one called ' oxidation - reduction ' or
respiration - linked model (Kaback and Bong , 1975) and the second ,
the ' chemiosmotic ' or ion gradient model (West and Mitchell ,1974).
The oxidation-reduction model had not been so acceptable as compared
/
to the chemiosmotic model . -Since its conception , the chemiosmotic 
coupling hypothesis has revolutionized the study of bioenergetic 
coupling mechanisms .
Figure 1 ,2
Phosphoenolpyruvate:sugar phosphotransferase system in bacteria
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Membrane
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Abbreviations : El , enzyme I ; Eli , enzyme II ; EIII , enzyme III ; 
HPr 9 histidine-containing phosphocarrier protein of the PTS ;
PEP , phosphoenolpyruvate ; '-'P , phosphorylated compound .
Figure ■ 1 .3
Schematic representation of the bacterial cytoplasmic membrane to 
illustrate the chemiosmotic model for bacterial carbohydrate transport
electron transfer chain
ATP
1 +ad: ÀTP synthetasecarbohydrate
,♦ permease
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According to the ^hemiosmotic model , the energy derived from 
biological oxidation could be stored across a membrane in the form of 
a proton electrochemical potential difference • It has since been 
shown that this potential is the energy source used to drive several 
membrane-related cellular processes , including oxidative phosphory­
lation (Wilson _et _aJ., and nutrient transport (Wilson et al.,
1978; .
The immediate result of biological oxidation via the electron 
transport system is the expulsion of proton from the cell and the 
energy released could be converted to an electrical potential created 
by a proton concentration difference across a membrane . To complete 
the coupling process , the return flow of protons across the membrane 
could be used to drive an energetically unfavourable process , such 
as ATP synthesis or the accumulation of a substrate against a 
concentration gradient (Uillset al.. I98O; (Fig. I.3) •
The phosphoenolpyruvateîsugar phosphotransferase system (PTS)
The PTS involves a sequential transfer of the phosphoryl group from 
PEP , which is the source of energy for the PTS , through a chain of 
proteins to the sugar (Pig. 1.2) . The first two soluble proteins in 
the sequence , enzyme I and the low molecular weight , heat stable 
protein HPr , are found in the cytoplasm of the cell and are required 
for the phosphorylation of all the sugars that are substrates for 
the system . The subsequent two proteins are sugar - specific , and 
at least one of them is associated with the cell membrane (Fig. 1.2). 
If the two sugar -specific proteins are membrane-bound they are
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called IIA and 1%^ , whereas a soluble sugar-specific protein is 
called III . These particular proteins may be formed constitutively 
or indueibly , depending upon the organism and the sugar in question. 
In some strains of E.coli , three distinct sugar-specific proteins 
of the IIA type specific for glucose , mannose and fructose are 
formed constitutively , and the three proteins appear to share a 
common IIB protein to produce the active enzyme II complex . As 
could be expected from general mechanism , mutants lacking either 
enzyme I or HPr are unable to take up any sugar that is phosphorylated 
by the PTS , where mutants defective in particular sugar-specific 
proteins are unable to take up only that particular sugar (Roseman , 
1975 ; Cooper , 1978) . The overall mechanism of PTS i •
Pep + HPr Enzyme 1 HPr^P + Pyruvate
HPr^P + Sugar Enzyme II  ^ Sugar-P + HPr
PEP + Sugar _____________  ^ Sugar-P + Pyruvate
after (Xomberg , 1976 ) .
Uptake of D-xylose , L-rhamnose and 3-0-methyl-B-glucose by bacteria 
D-xylose has been reported to be actively transported by various 
facultatively anaerobic bacteria . In E . coli , the inducible xylose 
permease transports xylose against a concentration gradient , with, 
a 100-fold apparent concn. gradient (David and Weismeyer , 1970) .
The transport is energy dependent and the enzyme responsible for 
transport , xylose permease , is specific for D-xylose .
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Similar transport^mechanisms have been reported in S. typhimurium 
(Shamanna and Sanderson , 1979) and Aerobacter aerogenes(Wood. I9 6 6). 
Glucose analogue , 3mGlc , is supposed to be transported by E.coli by 
the same mechanism as for glucose • Little is known about the . 
transport of L-rkamnose by bacteria .
Metabolic pathways
Several metabolic pathways in microorganisms metabolize pentoses and 
hexoses . Among these ,Embden-Meyerhof Pamas , Hexose Monophosphate , 
Entner-Doudorof , Xylulose 5-pbosphate , Fructose 6-phosphate phospho- 
ketolase , and Methyl Glyoxal Pathways are more prominant and are well 
understood (Cooper , 1978) . Generally , the ability of a bacterium
£r
to ferment a particular carbohydrate frequently depends on the 3 ■ 
possession of one or more of the appropriate kinases , isomerases , 
epimerases , dehydrogenases or hydrases • Sometimes , however , 
although an organism possesses the entire complements of enzymes 
necessary for the utilization of a particular sugar , it lacks the 
necessary transport factor to carry it across the membrane and thus 
is unable to metabolize that carbohydrate .
All these pathways lead to the formation of pyruvic acid • This is
metabolized further by a number of different routes , most of which 
end with the production of acidic or gaseous products •
D-Xylose is catabolized in many bacteria by reactions that produce '
D-xylulose-5-phosphate (Gunsalus and Horecker, 1955 ; Mortlock and 
Wood, 1964 ; Wilson and Mortlock, 1973 and Shamanna and Sanderson ', 
1 9 7 9) . The initial reactions of xylose catabolism in E . coli
37
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involves isomérisation of the free sugar by D—xylose isomerase to 
give D-xylulose followed by the phosphorylation by the action of 
B-xylulose kinase in the presence of ATP and give the 
intermediate product D-xylulose-5-phosphate (David and Weismeyer,1970). 
Aerobacter aerogenes (Mortlock and Wood , I9 6 4) and Salmonella 
typhimurium (Shamanna & Sanderson , 1979) catabolize D-xylose by the 
same sequence of reactions , The intermediate , D-xylulose-5-phosphate 
is then catabolized via the non-oxidative reactions of the hexose 
monophosphate shunt to give fructose-6-phosphate (Cooper , 1978) and 
fructose 1,6-diphosphate undergoes catabolism via the Embden Meyerhof 
Pamas pathway to give the key intermediate , pyruvic acid (Pig. I.4 ) 
(Rosenberg , I98O) .
However , metabolism of pentoses by strict aerobes follow?an 
oxidative pathway . Pseudomonas fragi oxidizes D-xylose to D-xylono-Y- 
lactone which accumulates in the culture medium , presumably because 
the cells do not possess^lactonase active on this compound (Weimberg , 
1 96 1) . D-Arabinose^metabolizedto give oc-ketoglutarate and the 
enzymes catalyzing these steps are all located in the soluble fraction 
of cell free extract and require NAD and NADP for activity . A possible 
pathway for oxidative catabolism of D-xylose is shown (Fig. 1.5) .
All pentose fermenting , facultatively anaerobic bacteria classified 
as enteric group (Stainer £t ^ . , 197&) , produce mixed acid or
/
mixed acid and 2 ,3-butanediol as their products (Fig. 1.6) . The 
formic hydrogenlyase enzyme complex is responsible for the conversion 
of formic acid to hydrogen and carbon dioxide , where the acidic 
conditions favour the production of H2 & CO2 (Rosenberg , I98O) .
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Figure,1.6
Pathways for the formation of products of the mixed acid fermentation
QQ N A m 2 NAD
Phosphoenolpyruvate ________  ^Oxaloacetate Malate
Pumarate 
NADH2NADH2 NAD 
2,3-butane- ^  ^  Pyruvate ► Lactate
diol
CoA
\
NAD' 
Succinate
Formate Acetyl CoA ___
Acetyl-P
CoA
Acetaldehyde
NAD
NADH2
NAD
Ethanol
Schematic diagram after (Rosenberg , I9 8O) •
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L -i Rhamnose (6-deoxy-L-mannose) is -catabolized in Es ch. coli by an 
inducible pathway involving the sequential action of L-rhamnose 
isomeraze , L-rhamnulokinase , and L-rhamnulose-1-phosphate aldolase , 
to produce dihydroxyacetone phosphate and L-lactaldehyde (Takagi and 
üawada , I9 6 4) . Under anaerobic growth the aldehyde serves as sin 
electron acceptor to permit the glycolytic catabolism of the dihydro­
xyacetone phosphate and is reduced by an NADH-1inked reductase to 
give L-1,2-propanediol (Pig. 1.7) » which accumulates in the medium 
and is not used by the cells , even if oxygen is present (Hacking and 
Lin , 1976) .
A dual role for the L-rhamnose catabolic lenzymes is observed in 
Klebsiella aerogenes (Mayo and Anderson , I9 6 9) . In this organism , 
both L-rhamnose and unnatural monosaccharide L-mannose served as 
inducers for the rhamnose degradative enzymes , and it is proposed 
that L-mannose catabolism involves its isomerization to L-fructose 
by L-rhamnose isomerase , phosphorylation by L-rhamnulokinase to 
give L-fructose-1-phosphate , and cleavage of this compound gives 
dihydroxyacetone phosphate and L-glyceraldehyde catalyzed by 
L-rharanose-1-phosphate aldolase (Mayo and Anderson , I9 6 9) .
3mGlc was thought to be a non-metabolizable by both mammalian cells 
and micro organisms . Recently , however , it was discovered that it 
can be metabolized by an obligate aerobic yeast , Cryptococcus  ^
laurentii (Bhanot and Brown , I98O) . The first step toward catabolism 
is the separation of 0-methyl group leaving behind the 6-carbon sugar. 
The 0-methyl group is converted to a volatile compound , methanol ,
igure 1.7
Pathway for the metabolism of L-rhamnose
isomerase
L-rhamnulose
kinase
L-rhamnulose-1-phosphate
L-rhamnulose-1-P 
aldolase
L-lactaldehyde Lihydroxyacetonephosphate
+  0, - 0,
L-1,2 propane diolLactate
'Lhe flow diagram is based on the data after (Hacking and Lin, 1976 ; 
Mayo and Anderson , I969 and Takagi and Sawada , I9 6 4)
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but little is known about the fate of 6-carbon sugar . It is believed 
that the 6-carbon chain is catabolized mainly via the Embden Meyerhof 
Parnas scheme after the removal of 0-methyl group (Bhanot and Brown , 
1980 ) .
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Chapter 2  ^ - MATERIALS AND METHODS
2.1 Materials
2.1.1. Organisms The organisms used in this study (Table 2,l) 
were kindly provided by Drs. A.Vince, The Rayne Institute, University 
College Hospital Medical School, London ; M.Hill, Bacterial Metabolism 
Research Laboratory, Central Public Health Laboratory, London ; and 
Professor I.Phillips, Department of Microbiology, St Thomas *s Hospital 
Medical School, London ( with the exception of lactobacilli which were 
purchased from N.C.I.B., and Marine Bacteria, Ministry of Agriculture, 
Fisheries and Pood, Torry Research Station, P.O.Box 31, 135 Abbey Road, 
Aberdeen AB9 8DG, Scotland). The samples of faecal homogenate were 
also kindly provided by Dr. A. Vince .
2.1.2. Chemicals Analar grade chemicals were used whenever 
possible ; other chemicals were of the best available purity. Glass 
distilled deionized water was used for the preparption of solutions. 
Proteose peptone No 3 was obtained from Difco Laboratories, Anderman 
and Co. Limited, Central Avenue, East Molesey, Surrey.
Blood agar base No.2 (CM27l), simmonds citrate agar 
(cm 1 5 5)» nutrient agar (CM 3)» yeast extract , cooked meat medium 
(cm 3 4 9)» and filter discs (0.22 and 0.45 lun) were obtained from 
Oxoid Limited, Basingstoke, Hants .
D-Xylose , L-Rhamnose , and 3-0-methyl-D-Glucose , hemin 
and vitamin K were from Sigma London Chemical Company Limited, Fancy 
Road , Poole .
D(U-^C)Xylose and 3-0^ethyl-D(U-^C)Glucose were purchased 
from The Radiochemical Centre Limited Amersham, Bucks . NCS (Tissue 
solubilizer"for liquid scintillation counting) was obtained from
Table 2.1 Organisms used in this study
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Genera Species* Gram reaction 
and shape
Source
Bacteroides B. fragilis (5) Negative rod Faeces
B. thetaiotaomicron(2) Negative rod Faeoes
B. uniformis Negative rod Faeces
B. distasonis(2) Negative rod Faeces
B. vulgatus(3) Negative rod Faeces
B. ovatus Negative rod Faeces
Bacillus B. megaterium Positive rod Faeces
Bif idobacterium B. bifidum Positive rod Faeces
Clostridium C. butyricum(3) Positive rod Faeces
C. cadaveris Positive rod Clinical
C. clostridiformis Positive rod Clinical
C. difficile Positive rod Clinical
C. paraputrificum(3) Positive rod Clinical
C. perfringens(6 ) Positive rod Clinical
Escherichia E. coli Negative rod Clinical
Enterobacter E. aerogenes Negative rod Clinical
Proteus P. mirabilis Negative rod Clinical
Bubacterium E. limosum Positive rod Clinical
E. lentum Positive rod Clinical
Lactobacillus L. brevis Positive rod Clinical
L. acidophilus(2 ) Positive rod Clinical
L. fermentum Positive rod Clinical
L. buchneri Positive rod Clinical
L. casei sub casei Positive rod Clinical
L. sp. Positive rod Clinical
Neisseria N. catarrhalis Negative cocci Clinical
Pseudomonas P. aeruginosa Negative rod Clinical
Peptococous P. magnus Negative cocci Clinical
Table 2.1 (continued)...
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Genera Species' Gram reaction 
and shape
Source
Streptococcus S. faecalis Positive cocci Clinical
S. intermedius Positive cocci Clinical
3. viridans Positive cocci Clinical
Staphylococcus S. aureus Positive cocci Clinical
Veillonella V. parvulla Negative cocci Clinical
* Number of strains shown in parentheses if more than one used .
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The Radiochemical Centre Ltd. Amersham , Bucks. Sterile human blood 
was obtained from local hospital. All other chemicals were from 
B.D.E. Chemicals Limited , Poole .
2 .1.3 . T L C Plastic - backed P I5OO Silica gel plates
(2 0 X 20 cm) from Schleicher and Schull , were obtained from Anderman 
and Co. Ltd; Central Avenue , East Molesey , Surrey . Ethyl acetate, 
pyridine , glacial acetic acid and methanol were obtained from B.D.E. 
Chemicals Ltd . Hot — air oven Type F (from LTE Laboratory Thermal 
Equipment Ltd; Greenfield , Oldham , Lancashire) equiped with motor 
(for rotating chromatograms during colour reaction) was used .
Chromoscan recording and integrating densitometer was 
perchased from Joyce - Loebl and Company Limited, Team Valley,
Gateshead , Durham .
The preservative, thiomersal (merthiolate), used for 
standerd sugar solutions and Zerolit,DM-F;:desalting resin were 
obtained from B.D.E.Chemicals Limited.
2 .1.4 . G L C apparatus A Pye - Unicam gas chromatograph 
(model 2 0 4) , equiped with a hydrogen flame ionization detector , and 
connected to a digital integrator (Hewlett - Packard ; Model 3370 - B) 
capable of printing retention time , was used . A flat bed chart : _ ", : 
recorder , connected to the chromatograph , recorded elution profiles, 
and was set at a chart speed of 10mm / min • Coiled glass columns
(2m X 4.5mni internal diameter) packed with Diatomite C (6 0 - 80 mesh), 
which had been acid washed with 3 % phosphoric acid and coated with 
10 % polyethylene glycol 20 M , were used for the separation of non­
gas eous fermentation products.These were obtained from phase separption 
Limited , Queensferry , Flintshire .
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2.2. Methods
2.2.1. Cell growth Routine screening of the bacterial 
strains for their ability to utilize carbohydrates was carried out
by inoculating (2 . 5  % v/v for aerobic and 5 % v/v for anaerobic growth) 
with late log cultures which had been grown in basal medium (BM).
They were , then incubated at 37*C for 48 h under anaerobic conditions, 
or on the bench for aerobic growth . The initial pH of all the media 
remained between 7.0 - 7*2 . Growth was assessed by measurement of 
turbidity in a Beckman spectrophotometer (Model 24OO) at 612 nm and 
pH values of the cultures were recorded with a micro - electrode . 
Culture supematents were obtained by centrifugation at 2000 x g for 
15 min and aliquots of that were immidiately frozen in capped , 
plastic microcentrifuge tubes.
For time course experiments , samples (10 ml)’ from the culture medium 
were taken aseptically at regular time intervals (3 0 or 60 min) .
A portion of this sample was checked for pH and turbidity , and the 
remainder of the sample was immediately centrifuged . Supematents 
were quickly frozen and stored at -20°C until carbon sources were 
utilized . When substrates were added during the incubation , they 
were injected through the rubber septum with sterile syringe . An 
appropriate amount was added to reach the desired concentrations.
2.2.2. Growth and maintenance media /
(a ) Basal medium (MB) Media used for growth was similar to
those described by Hoideman and Moore ,(l972)and contained ,
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Difco proteose peptone No 3 10 g
Yeast extract 10 g
Salts solution (see below) 40 ml
Resazurine solution (l mg/ml) 1 ml
Sodium thioglycolate 0.5 g
Sodium formeIdehyde sulphoxylate 0.3 g
Water to 990 ml
The stirred mixture was boiled , until the resazurine changed from 
orange to colourless and then cooled to room temp . H - VK solution 
(1 0 ml) was added aseptically to the cold medium , followed by . l . 
cysteine hydrochloride (0.5 g). After adjusting the pH to 7.2 , the 
medium was autoclaved at 121°C for 15 min .
(b ) Basal medium sugar (BMS) Sugar solutions of the 
required rgncn were prepared using sterile BM and were aseptically 
filtered (pore size 0.45 pm) into a sterile flask . Required volumes 
were disposed into sterile bottles . Alternatively a 10 - fold cone 
solution of the required sugar was prepared , filtered into a sterile
flask , diluted aseptically with sterile BM and dispensed the required
volume into sterile bottles .
(C) Comnlex;sugar mixtures _____ _ i M i x t u r e  of four 
sugars in the following concn were used ;
Lactulose 5*0 g
/
L - rhamnose 0.5 g
in 250 ml water
D - xylose 1 .0 g
3 methylglucose 0 .2 g
Ten - fold concentrated solutions were prepared in water and sterilized
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by millipore filtration • Prior to use the mixture solutions were 
diluted appropriately with sterile basal medium .
(d ) Cooked meat medium : Using a calibrated scoop , distributed
1 g amounts of granulated cooked meat medium (CM 549) into bottles 
and added BM (10 ml) , and sterilized by autoclaving at 121*C for 15 min,
2,2.2,1 Salts solution;
Ca Cl2 . 2H2Ü 0,25 g
Mg SO4 0 ,2  g
KgE PO4 1 ,0 g
K H2 P04 1 ,0  g
Na H 00^ 10,0 g
Na Cl 2,0 g
The Ca CI2 , 2H2O and Mg SO4 were dissolved in about 5OO ml of water, 
and 500 ml water added with remaining salts whilst continously
stirring , After dissolving , the volume was made upto one litre and 
stored at 4 *^ C ,
Note : A slight ppt, formed, but did not affect growth ,
2,2,2,2, Hemin Vitamin K (menadione) solution ; (H-VK)
(a) Menadione (IOO g) was added to 95 % ethanol (20 ml) and 
sterilized by filtration ,
(b ) Hemin stock solution ; Hemin 50 mg dissolved in 1,0 M NaOH
/
(1 , 0  ml) and the volume was made upto 100 ml with water and sterilized
by autoc laving . The sterile stock menadione soln (l ml) was added to
0
hemin soln (1 0 0 ml) , mixed and stored at 4 C ,
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2.2.5. Preparation of Agar Plates :
2.2.5.1. Blood Agar Plates ; Blood agar base 40 g (CM 2?l) 
was mixed with water (95O ml) in a conical flask , boiled with 
continuous stirring to dissolve the medium and sterilized by 
autoclaving at 121®C for I5 min . After cooling to 40 - 45*0 > sterile 
blood (7 0 ml) was added , using aseptic technique . Dispensed 10 - 15 
ml into sterile petrl dishes , inverted immediately after setting to 
prevent excessive condensation and stored at 4®C .
2.2.5.2 . Simmonds citrate agar plates : Simmonds citrate
agar 2.5 g (CM 155) was mixed with water (100 ml) in a flask , and 
boiled to dissolve the medium . Sterilized it by autoclaving and 
cooled to 40 - 45^0 . Decanted 10 - I5 ml into sterile petrldishes , 
inverted after setting and stored at 4°C . Sterile plates should be 
green • The agar contains a dye , methylene blue , which is colourless 
when reduced , and blue when oxidized. Because of that property it is 
used as a biological indicator ,
2,2.5.5. Nutrients agar plates and slopes : Nutrient agar 
2 , 8  g (cm 5 ) was suspended in water (l litre), in a flask , and boiled 
to dissolve the medium , Sterilized by autoclaving and dispensed 
10 - 15 ml into sterile petri c/ishes after cooling to 40 - 45*0 , 
Inverted the dishes after setting and stored at 4°C ,
For nutrient agar slopes , poured 10 - I5 ml of sterile agar in 20ml 
sterile bottles and kept them slanting until settled down ,
Stored at 4*0 ,
53
by means of a single analytical procedure . Frozen samples from the 
growth cultures were thawed and diluted (0.2 ml) with internal 
marker (O.l ml of 10 mg/ml ; D - arabinose) and water (0.7 ml) so 
that the final concn, of added internal marker is identical both in 
standard and test solutions . Eight prepared test samples and four 
sugar standard solutions were applied as bands , 11 mm long and 3 mm 
apart , along a line of origin 1.0 cm above the lower edge of each 
plate. The sugars were separated on silica gel plates (see 2.1.5.) 
using the diluted samples 2 |ul). The solvent system contained ethyl- 
acetate , pyridine , butan - 1 - ol , glacial acetic acid and water 
in the ratio o f  JO ; 15 : 5 • 10 : 10 by vol. The separation was 
performed at room temp, in three ascending developments with 50 min 
period of drying in air between early development . Finally the 
thinlayers were left overnight in the fume cupboard for complete 
removal of solvents . The plates were then stained by dipping rapidly 
in the dipping tank containing the colour reagent (4 - aminobenzoic 
acid 7 g f orthephosphoric acid 1 7 .5 ml and methanol to 500 ml) , 
dried for 5min at room temp, and then heated in a hot - air oven . , - 
( Type F ) at 110®C for 10 min to develop the colour. The developed 
chromatograms (Fig. 1) were stored at -20®C in polythene bags if they 
were not scanned immediately . Alternatively each chromatogram was . 
cut into strips and scanned in the axis of chromatographic development 
by reflectance densitometry against an opaque matt-white formica 
backing .Peak heights were measured from the scan profiles and were 
corrected by applying an internal marker factor which compensated 
for variation in application volume and other variables . The sample
52
2.2.4. Growth and maintenance conditions :
(a) Anaerobiosis : For anaerobic incubations , anaerobic jars, 
containing a paladium catalyst , were used to establish an adequate 
oxygen-free environment . The jars were evacuated by vaccum pump and 
refilled with a gas mixture , containing N2 , CO2 and H2 (80 , 10 , 10 
by vol.). Alternatively , screw capped air - tight glass bottles , of 
approx. 250 ml vol. were used for time course experiments . Sterile 
disposable needles and plastic syringes were used for sampling . The 
samples were collected by piercing the rubber septum with the needles 
and replacing the samples with the same volume of oxygen free gas- 
mixture , aseptically .
To test the anaerobiosis in the jars , simmonds citrate agar plates 
(see 2.2.3.2.), inoculated with Pseudomonas aeruginosa were used in 
routine
(b) Stock cultures ; Stock cultures of obligate aerobes and 
facultative anaerobes were maintained on nutrient agar slopes 
Facultative and obligate anaerobes were maintained on cooked meat 
medium (see 2.2.2.D) and stored at -J0°C and also in liquid N2 , 
after the addition of sterile glycerol to a final concn. of 10% (v/v). 
The purity for the strains was verified at regular intervals by 
culturing on blood agar plates .
/
2 .2 .5 . Quantification of carbohydrates ; There are several 
methods available for the discrimination and assay of the carbohydrates 
used . A newly established , thin layer chromatographic method (T.L.C) 
by Menzies et al.(l978) , was selected because that enabled us to 
measure several different sugars simultaneously and more accurately
;(F
Figure 1 Separation of sugars by TLC
t-
samples: 2 ul
1 : rhamnose , 2: 3-0-methyl-D-glucose ,
5: xylose , 4: arabinose .
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calculations were^ expressed in mg percent .
Before proceeding for sugar separation , the diluted culture 
supernatant samples , obtained from faecal homogenate cultures , were 
also desalted by the use of zerolit - DM - F , following the method 
of Menzies et al..(1978).
2 .2 .5 .1. Internal marker ; The use of an internal marker 
compensated for more than the errors of sample application . Changes 
in concentration caused by dilution and molecular sieve effects of ' 
the desalting resin (Menzies , 1973) were also corrected by ..usinghthe 
internal marker . D - Arabinose was selected and used throughout 
this study for the separation of xylose , rhamnose , 3 methylglucose, 
lactulose and frutose except for the separation of mannose , sorbitol, 
mannitol and arabinose where galactose was used as an internal marker.
2.2.6. Viable cell count : Sterile BM was inoculated with an 
overnight culture , and samples (I.O ml) of cells were taken every 
60 min and added to sterile BM (9 .O ml) . Serial dilutions were 
prepared sind aliquots (O.I ml) spread , in triplicate , over the 
surface of blood agar plates with a glass spreader . The plates were 
then incubated under anaerobic conditions at 37*C for 48 h and the 
total number of colonies counted were expressed as mean viable cells 
per ml .
2 .2 .7 . Dry cell-weight determination : Overnight cultures were 
inoculated into sterile BM . Duplicate samples of known volume 
(2 0 0 ml) were removed every hour . Turbidity and pH of the culture 
were measured immediately and the cells sedimented by centrifugation 
at 10,000 X g for 15 min at 4*C . The pellets ofjcell were washed
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twice with 50 niM «odium phosphate buffer , pH 7.0 . Finally the cells, 
collected in the pre - weighed tubes , were stored at -2 0 *0 for 24 h 
and freeze-dried under vacuum for 48 h . The cell weight calculated 
in fig per ml (Fig. 2.2) .
2.2.8. Estimation of fermentation products : Non-gaseous 
fermentation products were estimated (both qualitative & quantitatively 
by G.L.C.. method using modified procedure employed by Sahota et al., 
(198 2) .
2.2.8.1. Chromatographic conditions : The columns were 
conditioned prior to connection to the detector by heating to 190°C 
for 24 h under a continous flow of N2 . Reference and sample injection 
columns were not interchanged throughout the investigation . The 
initial temp, was set at 60®C followed immediately by an increase of 
8®C per min to 160°C . The injection port temp, was 120®C and detector 
temp. 180*0 . Gas flow rates of H2 , air and N2 were 50 , 5OO & 45
ml per min , respectively . The total time for chromatographic 
separation and integration of each sample was 30 min , followed by a 
4 min cooling period prior to injection of next sample .
2.2.8 .2. Extraction . elution profile and calibration curve 
for volatile fatty acids (VFA) .
Stock standard aqueous mixtures containing each of the following 
(at final concn.of 50 p. mol per ml) were prepared ; methanol, ethanol, 
propanol , butanol , iso-butanol and pentanol ; and acetic , propionic, 
iso-butyric , butyric , iso-valeric , valeric , iso-caproic , and 
caproic acids . Dilutions of these stock soins, were made to obtain 
working standard soins (at final conc. of 4 0,3 0 ,2 0 and 10 p mol per ml).
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Figuré- 2.2
Enterobacter aerogenes? Cell density vs Cell dry-weight
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Samples (2.5 nil) of standard solutions of culture supernatants were 
placed in glass tubes (15 x 100mm) with ground glass stoppers and 
acidified with 0.5 M H2SO4 (0 . 4  ml) to give a pH of 2.0 or less . 
Diethyl ether (I.O ml) was then added , and the sample tubes inverted 
20 - 25 times . The ethereal layers were removed with a pasteur 
pipette and dried over anhydrous sodium sulphate . After 10 rain the 
ethereal extracts were transferred to brown glass vials (2.0 ml size) 
with air-tight stoppers , and stored at 4°C until required . A gas- 
tight micro syringe was used to inject a suitable volume (2 - 4 pi) 
onto the column . A typical elution profile of alcohols and VPA , and 
calibration curves are shown (Fig. 2.3 & 2 .4 ) .
2.2.8.5. Internal marker for VFA : The use of an internal marker 
not only compensate for sample preparation but also for variations in 
injection volume , column temp., gas flow, rates and detector - 
sensitivity . Since both the sample and the internal marker is 
C O  - chromatographed , they are influenced by these factors to the 
same extent . An aliquot (O.I ml) of a suitable internal marker 
(aqueous butanol , 0.625 M) was added to all test samples (2.4 ml) 
prior to extraction and a comparison of th@ ratios of peak areas for 
standard and test samples enabled the amounts of fermentation 
products to be calculated .
Cone, of A  Test Acid Astd.lM Concn. Test IM
test VFA ; ---------  ^ ------- %   x Concn. Std.Àcid x
A Test IM Astd.Acid Concn._Std. IM Dilution.
Where A; Peak area , Std : Standard , and'
IM : Internal marker .
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Figgre\-2..5
Elution profile of VFAs and alcohols
: JLB-OH
- E - O H
C ; caproic acid, iC: iso-caproic, V: valeric, iV; iso-valeric,
B; butyric, iB: iso-butyric, P; propionic, and A: acetic acid • 
B-OH: butanol, PE-OH; pentanol, P-OH: propanol, iB-OH; iso-butanol-, 
E-OH; ethanol, and M-OH: methanol •
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2,2.8.4* Extraction . elution profile and calibration curves 
for non - volatile fatty acids (NVFA) :
Stock standard aqueous mixtures containing formic , pyruvic , lactic, 
oxaloacetic , oxalic and malonic acids (each at 100 pmol per ml) and 
fumaric, succinic acids (each at 50 pmol per ml) were prepared • 
Dilutions of these stock solutions were made to obtain the working -, . 
standard solutions , at concn. 80,60,40,20 pmol per ml and 4 0,5 0,2 0, 
and 10 pmol per ml , respectively , Samples (0 .9 ml) of standard 
solutions or culture supernatants were placed in glass tubes with 
ground glass stoppers and acidified with 0.5 M H2SO4 (0 . 4  ml) .
Boron-trifluoride/methanol was added ( 1.0 ml) , and the mixtures 
were left overnight at room temp. Chloroform (0 .5  ml) was added and . 
the samples inverted 20 - 25 times . The chloroform layer was 
transferred to brown glass vials and stored at 4°C until required . 
Suitable volumes ( 2  - 4 pl) were injected onto the column . A typical
elution profile and calibration curves of NVFA are shown (Fig.2 . 5 & 2 .6 )
2.2.8.5. Internal marker for NVFA : Aqueous malonic acid 
(0 . 5  M) was used as an internal marker for all the quantitative
estimations of NVFA .An aliquot (O.I ml) was added to culture
supematents (0 .9  ml) prior to méthylation and extraction .
Calculations for NVFA concn. were made by the use of relative peak 
areas (see 2 .2 .8 .5.) •
2 .2 .9 . Scintillation fluid : Toluene/Triton/PPO solution''was
prepared as follows : Dissolve 5*0 g PPO (2 ,5-diphenyloxazole,
M.Wt. 221.26) in one litre toluene and add 500 ml of triton . Mix 
thoroughly by inverting the bottle for 10 - 15 times .
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Figure 2.5 Elution profile of NVFAs
c\
O A
S: succinic, FU; fumaric, M; malonic, 0; oxalic, OA; oxalo acetic, 
L: lactic, P: pyruvic, and FO: formic acid •
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2,2,10, PlasBioIysis of Ent, aerogenes with glycerol
Permeation of the carbohydrate was monitored by a photometric method 
which is based upon changes in li^t scattering resulting from 
plasmolysis (shrinkage) and deplasmolysis (reswelling)(Sanno et al,, 
1968 ; Heller and Wilson , 1979) • Cells of Esch, coli and Ent, aero- 
genes , grown in basal medium (4 0 ml) were harvested at 1,5 optical 
density , washed once with cold 0,02M Tris-Hcl buffer pH 7,5 , and 
suspended in a solution of low osmotic pressure ( 4mM Tris-Hcl buffer 
pH 7 .5 ) at an optical density of 1,5 ,
To a suspension (2,5 ml) in a cuvette (l cm light path and 5 ml volume) 
2 , 4  M NaCl (0 ,5  ml) was rapidly injected through fixed volume pipette. 
The change in optical density of the suspension was recorded within 
5 sec of mixing , Similar suspensions were exposed to hypertonic 
solutions of 4 ,8  M glycerol , 0,25 M Xyl , 0,25 M Rha and 0,25M Glc ,
In addition the effect of dilution of the cell suspension with water 
(0 , 5  ml) was recorded ,
2,2,10,1, Measurement of rates of permeation 
Rates of permeation of carbohydrates , into Ent, aerogenes measured 
by a modified method of Heller and Wilson ( 1979 ) • The carbohydrate 
solutions were prepared in 0,25M Tris-Hcl buffer , pH 7 and hypertonic 
soln of NaCl (1,25M) was used ,
A carbohydrate soln (l,0 ml of 0,25M) in 50 mM Tris-Hcl buffer/pH 7 
was placed in a cuvette , 1 cm light path , and read in a Beckman 
model 5600 spectrophotometer , Samples (0,1ml) of a concentrated ' 
cell suspension were added with rapid mixing to give a final optical
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density at 600 nm^between 0.8 and 1.0 . The optical density was 
continously monitored with a recorder attached to the spectrophoto­
meter • The difference between the reading after shrinkage in 1,25 M 
NaCl and the reading after dilution 0,25 M glycerol was used for 
standardization purposes (total shrinkage) , The time span between 
addition of cells and reswelling to 50?° of the total shrinkage due 
to substrate permeation was expressed as Tj- , The initial velocity 
of permeation was given as the change of optical density at 600 nm 
expressed as percent of total shrinkage per min , Where required , 
cells were grown on basal medium supplemented with 25 mM suger i.e.
Xyl , Rha or Glc ,
2,2,11 , Uptake of D[U -^^Clxylose and 3-0-methyl-B [ U-^Clglucose
2.2.11.1 , Transport assay
Cultures of Ent, aerogenes were grown aerobicalQy at 57*C on basal 
medium , When required , the medium was supplemented with a 25 mM 
either Xyl , Rha or Glc , Cells were harvested by centrifugation at
1 0 ,0 0 0 X g for 10 min from a late log-phase culture (0 ,2  - 0 , 4  mg
dry wt/ml) , washed with 50 mM potassium phosphate buffer , pH 7,0 
and suspended in the same buffer , containing chloramphenicol 
(5 0 fil/ml) at 1 ,4 mg dry wt/ml ,
2.2.11.2 , Procedure
A cell suspension ( 1 ml , 1,4 mg dry wt/ml ) , in a conical flask
(2 5 ml)was shaken at 57*0 in a gyrotary water bath for 10 min , After
this time 1|iCi (50 |il) of u[U-^C]xylose (2,92 mCi / m mol) or 
methyl-3)[U-^c]glucose (25 mCi/m mol) was added , Samples (0,1 ml)
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were taken at 15 * 50 , 60 , 90 , 120 and 150 sec and filtered with 
suction through milipore filters (0.45 pm pore size) . The filters 
were rinsed with 50 mM potassium phosphate buffer pH 7.0 (5 ml) , 
and transferred to glass vials containing NCS (0.5 ml)'.'The vials 
were kept overnight at 57*C in dark to complete the digestion , 
Glacial acetic acid (20 pi) was added to neutralize the NCS , and 
finally scintillation fluid (10 ml , see 2.2.9) was added . 
Radioactivity was measured in a Beckman liquid scintillation system 
model LS 7500 . Uptake of D[U-^C]xylose and methyl-D[ui\^]glucose 
was recorded as nanomoles per mg dry weight .
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Chapter 3  ^ RESULTS
Qualitative assessment of L-xylose . L-rhamnose and 5-0-methyl- 
_L_glucose utilization by gut Bacteria
A number of obligate aerobes , which can grow if only a small amount 
of oxygen is present , have been isolated from the gut (Drasar and 
Hill , 1 9 7 4) • Together with the facultative anaerobes , these 
bacteria use any oxygen present in the intestine and so produce 
anaerobic conditions which facilitate the growth of obligate 
anaerobes •
Utilization under aerobic conditions
The isolates screened for oxidative metabolism consisted of obligate 
aerobes and facultative anaerobes • Among these , the coliforms gave 
the maximum utilization of Xyl and Rha , while some of the 
others e.g. Staphylococcus aureus , Neisseria catarrhalis , Proteus 
mirabilis and Lactobacillus casei sub, casei , did not utilize any of 
the three sugars (Table 5.I) . The results obtained from 24 h 
incubations showed that 66 % of the 20 strains examined utilized an 
intermediate (5 - 25 %) amount of ..Xyl and Rha . Escherichia 
coli and Enterobacter aerogenes , exhibited the largest percentage 
utilization (6 0 - 100 %) of both Xyl and Rha . • No utilization
of 5 m Glc ■ was observed by any of the organisms .
/
In each case a fall in the pH value of the culture medium co related 
with sugar usage ; an acidic pH after incubation with a sugar has 
been routinely used as the sole determinant of catabolism of that 
sugar (Holdeman et , 1972) . In order to verify that all the
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species were viable , growing cultures were used for the tests , as 
determined by visual examination for turbidity . In every case , 
controls growing on basal medium supported growth , but a fall in 
pH following incubation did not occur , implying that such a drop 
could not occur from the catabolism of amino acids in the medium ,
Utilization under anaerobic conditions
A variety of bacteria were screened' under anaerobic conditions , 
including both facultative and obligate anaerobes • Incubations 
were made for 24 h on basal medium + 25mM Xyl , Rha or
5 m Glc . Growth enhancement in the presence of sugar was 
indicated by increased absorbance at 612 nm , and a decrease in the 
pH of the culture medium (See sections 2.2.2 and 2.2.4) .The sugar 
contents in the culture supernatant were calculated by TLC (See 
section 2.2.5) *
Amongst the facultative anaerobes , the gram negative , non sporing 
E . coli and E aerogenes show similar behaviour as that under 
aerobic conditions , using from 40 - 82 % xylose and 62 - 100 % 
rhamnose . The majority (65 %) of the organisms , however , utilized 
an intermediate (5 - 25 %) amount of both xylose and rhamnose 
(Table 5.2) .
The selective species among the obligate anaerobes which were capable
of utilizing these sugars belong to the gram negative , non sporing
/
genus , Bacteroides , a dominating host of the large intestinal flora. 
Most of the Bacteroides species exhibited a marked affinity for 
Xyl and Rha and utilized them substantially ; 16 - 56 % Xyl
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and 18 - 66 %  ^î^ ia. _, except the species B . uniformis which 
showed a lower percentage of utilization (7.5 and 9.2 % , respectively) 
The amount of both these sugars fermented over a period of 24 h 
varied significantly , not only from species to species but also 
between strains of the same species (Table 5.3 ) . Some 15 % of the 
34 strains were unable to utilize any of these sugars , while the 
other 53 % fermented an intermediate amount , None of these organisms 
metabolized ” 5 m Glc . •
Incubations with mixtures of Xyl , Rha and 3mGlc 
Selective organisms were grown on mixture of Xyl , Rha and 5raGlc 
(each at 25mM) for 24 h under aerobic and anaerobic conditions and 
the sugars utilized were calculated from the culture supematent 
(See section 2.2.5) .
When incubated in the presence of oxygen , Esch. coli and Ent. 
aerogenes utilized 100 % of both Xyl and Rha . The Lactobacillus 
species gave lower percentage utilizations (O - 15%) of both these 
sugars as compared to the percentage utilization of individual Xyl 
and Rha , while the others , i.e. Staphylococcus aureus , Proteus 
mirabilis , Neisseria catarrhalis , gave negligible amount ( /5%) 
of utilization of all the three sugars .
Representative species of selective genera were also incubated with 
mixed sugars under anaerobic conditions and the results were 
summarized in Table 3.4 . The mean loss of Xyl and Rha after 24 h 
incubation with E.aerogenes was 86 and 100 % and with Esch. coli 55 
and 60 % f respectively . B . vulgatus and B . thetaiotaomicron
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exhibited over 20^% utilization of Xyl and Rha • Eubacterium limosum , 
Clostridium perfrin^ens , B . fra^ilis and some Lactobacillus species 
fermented an intermediate (5 - 20 %) amount of both these sugars , 
while again , none of these organisms showed an ability to utilize 
5mGlc (Table 5.4) .
Incubations with faecal homogenate
Mixed cultures from faecal homogenate were incubated with Xyl , Rha 
and 5mGlc (individually and as a mixture) for 48 h under anaerobic 
conditions . The mean values of duplicate incubations gave 42 and 55 
percent utilization of Xyl and Rha from individual sugar incubations 
and 50 & 45 % from incubations with mixtures (Table 5.5) . No loss 
in 5mGlc concentrationjwas observed after 48 h incubation
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Chapter 4  ^ RESULTS (continued),..
Uptake and metabolism of L-xylose . L-rhamnose and 3-0-methyl- 
(X-D-glucose
Selection of organisms
From the 56 intestinal organisms screened in the experiments described 
in chapter__^^4 wo'e selected for detailed studies regarding the uptake and 
metabolism of Xyl &Rha i-.e. two coliforms Esch. coli and Ent.aerogenes, 
and two from the genus Bacteroides ; B. vulgatus and B. thetaiotaomi- 
cron . These were selected for the following reasons :
1. They show a high percentage utilization of the sugars .
2. Although coliforms are not normally resident in the small 
intestine , a profused flora consisting of high ratios of 
coliforms have been observed in abnormal intestines (Drasar 
and Hill , 1974) .
3. Bacteroides species (which are .predominant colonic bacteria 
under normal conditions) have also been reported to be present 
in high numbers in the abnormal intestine (Drasar and Shiner ,
196 9) .
Time course experiments
Uptake of single sugars /
Single sugars were incubated under both aerobic and anaerobic condition 
with coliforms . In each case a control (basal medium) was carried- 
out simultaneously and growth was monitored by observing optical 
density and pH of the culture medium . Aerobic incubations with
77
Ent. aerogenes gaye 100 % utilization of Rha and 70 % of Xyl in 8 h 
(Fig. 4»1) y while Esch. coli , during the same period of incubation, 
showed 75 % Rha and 54 % Xyl utilization (Fig. 4 .2 ) . The mean 
generation times (MGT) for Ent. aerogenes and Esch. coli were 66 and 
77 min , respectively .
Under anaerobic conditions , the rates of utilization were lower with 
both coliforms (Figs. 4»5 and 4.4) • 3-0-Methy1-D-Glucose was not 
utilized under either growth condition . The two growth parameters 
(pH and optical density) observed , did not show any apparent 
difference between the control (basal medium) and the 3mGlc-supplimen- 
ted medium (Figs. 4«1 y 4*2 , 4.5 y 4.4) . Incubations with the two 
Bacteroides species were carried out over 24 h and the MGT observed 
for B. vulgatus was higher (195 min) than that for B. thetaiotaomicron 
(1 7 5 min) . When incubated with 25mM sugar solutions , B. vulgatus 
utilized 70 % Rha and 32 % Xyl (Fig. 4.5) y while B. thetaiotaomicron 
gave 42 % and 30 % utilization of Rha and Xyl , respectively (Fig. 4 .6 ).
No utilization of 3mGlc was observed by both these Bacteroides
species (Figs. 4 .5  y 4.6) .
Incubation with sugar mixtures :(Preferential or Simultaneous utilization) 
In order to find out whether these sugars are utilized preferentially 
or simultaneously , and whether the presence of 3mGlc in the medium
does effect the utilization of the other two sugars , different sets
of sugar mixtures ( e.g. Xyl and Rha ; Xyl and 3mGlc ; Rha and 3mGlc;
Xyl + Rha + 3mGlc) were incubated with each of the selected species .
Esch. coli and Ent. aerogenes were incubated with sugar mixtures
in
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under both aerobic and anaerobic conditions • The aerobic incubation 
of Ent. aerogenes with a mixture of three sugars(Pig. 4*7) and that 
of Esch. coli with mixture of 5 sugars (Pig. 4.8) indicated that Xyl 
and Rha were utilized simultaneously . Also the utilization of both 
these sugars , with or without 3mGlc , was found to be quantitatively 
similar , indicating that 3niGlc does not inhibit their utilization . 
Similar results were obtained when the sugar mixtures were incubated 
under anaerobic conditions (Pigs. 4 .9 , 4 .IO) .
B. vulgatus and B. thetaiotaomicron , on incubation with these sugar 
mixtures , also showed simultaneous utilization of Xyl and Rha ; no 
diauxic growth was observed (Pigs 4.11 , 4.12) . The concn. of 3mGlc 
remained unchanged in culture medium throughout the expt . A substan­
tial decrease in the cell density was observed (from 2 . 6  to 1.8 ) 
between 16 and 24 h incubations , presumably because of cell lysis . 
Concomitantly a low rate of Rha utilization was observed during 
stationary phase , suggesting that most of the sugar was utilized 
during the log phase (Pig. 4.11) .
Time course experiments with a faecal homogenate
Paecal homogenate samples (see section 2.1.1) were incubated under 
anaerobic condition for 24 h with Xyl , Rha and 3mGlc . When 
incubated with single sugars , Rha was utilized 45 % after 12 h 
and 62 % after 24 h , while 38 % and 48 % of Xyl was utilized after 
12 h and 24 h , respectively . Incubations with a mixture of the 
three sugars showed no diauxic growth . Both Xyl and Rha were utilized 
simultaneously and no utilization of 3mGlc was observed (Pig. 4.15) .
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Fifflire 4.7 Entaerogenes incubated with mixture of Xyl , Rha 
and 3niGlc under aerobic conditions
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Figure 4.8 Esch. coli incubated with mixture of Xyl , Rha 
and 3mGlc under aerobic conditions
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Pathways of fermentation 
Products of P~xylose fermentation
In order to accurately quantify the products of Xyl and Rha 
fermentation , it was necessary to compare the types and amounts of 
the products after growth on basal medium and sugar-supplemented 
media . Both qualitative and quantitative differences were found on 
addition of 50 niM Xyl to the medium • Large amounts of acetic , lactic 
and succinic acid were obtained with coliforms • Both Esch. coli and 
Ent. aerogenes , when cultured with Xyl produced , in addition , 
ethanol, isovaleric , formic and pyruvic acid and trace amounts of 
propionic and isobutyric acid (Table 4 .I) . Bacteroides species 
predominantly metabolized Xyl to acetic and succinic acid . Low 
amounts of lactic acid were observed during Bacteroides fermentation 
as compared to coliforms . This may be due to the metabolism of 
lactate to propionate and acetate by Bacteroides species (Macy, 1979) 
Smaller quantities of propionic , isovaleric and isobutyric acids 
were also observed , while trace amounts of oxaloacetic acid were 
produced by both B. vulgatus and B. thetaiotaomicron (Table 4 .I) •
Products of L-rhamnose fermentation
Fermentation of Rha (50 mM) produced large quantities of acetic , 
lactic and succinic acids by Esch. coli and Ent. aerogenes . Ethanol, 
isovaleric , formic and pyruvic acid were produced in small amounts 
while traces of propionic and isobutyric acid were also found 
(Table 4.2) . The major products of Rha fermentation from Bacteroides 
species were acetic and succinic acids . Propionic , formic and
Figure 4»13 Faecal homogenate incubated with mixture of Xyl . 
Rha and 5mGlc under anaerobic conditions
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lactic acid were also produced by both B. vulgatus and B. thetaiota­
omicron • In addition , isobutyric , isovaleric and oxaloacetic acid 
were produced by B. thetaiotaomicron , while B. vulgatus produced 
them in only trace amounts (Table 4,2) ,
Control of D-xylose and L-rhamnose metabolism
Each selected bacterium was grown on a mixture of Xyl and Rha . The 
disappearance of the substrates were monitored by TLC in order to 
determine whether these sugars were used simultaneously or sequen­
tially . Simultaneous and linear utilization of two substrates was 
taken to indicate no repression of one substrate by the other . If 
addition of another sugar (Clc) inhibited the uptake of the other 
sugar , it was presumed that a catabolite regulatory mechanism was 
operating (Russell , 1978) •
When a mixture of Xyl and Rha (each 10 mM) was incubated with 
Ent. aerogenes , the logarithmically growing cells (MGT 66 min) 
utilized Xyl and Rha simultaneously . During 4 h incubation , the 
Xyl concentration in the medium decreased by 10 % and the Rha concn. 
decreased by about 55 % • Addition of D-glucose (10 mM) at 4 h caused 
cessation of Xyl utilization , although the utilization of Rha 
continued (Fig. 4.15) • Between the 4 and 8 h incubation period , Rha 
and Xyl were utilized simultaneously , the Glc concn. in the medium 
decreased by 60 % and the Rha concn. decreased by 65 % . TTius all 
the Rha was utilized in 8 h . After the depletion of Glc (9 h) 
rapid Xyl uptake resumed . The simultaneous metabolism of Xyl and Rha
94
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(1 to 4 h) and of*Rha and Glc (4 to 8 h) , indicates that in these
mixtures , no inhibition occurs (Fig. 4.15) .
A mixture of Xyl and Rha (each 10 mM) was also incubated with 
Esch. coli . Addition of Glc (10 mM) at 4 h caused the cessation of 
both Xyl and Rha utilization (Fig. 4.14) . Between 4 and 10 h , Xyl 
and Rha uptake was negligible (2 -  3 %) , while 33 % of the Glc was 
utilized . These data show that preferantial utilization of Glc 
occured , presumably regulated by catabolite repression ,
Experiments with sugar mixtures used for diagnostic purposes 
Complex sugar mixtures (see section 2.2.2.C) are used routinely in 
diagnosis . Villous atrophy alters intestinal permeation of sugars 
in differing ways - for example , the absorption of Xyl is reduced , 
but to a greater extent than that of 3mGlc , while permeation of a 
disaccharide such as lactulose increases (Menzies et al., 1979) •
Differential absorption tests of Xyl and 3niGlc in coeliac disease
and gastroenteritis have been reported to give more reliable index 
of absorption as compared to Xyl alone (Noone et al., 1982) , where 
the employment of a Xyl/^mGlc ratio exploits the relative insensitivity 
of 3mGlc compared with that of Xyl to the effects of small intestinal 
pathology .
In the present studies, incubations of such mixtures with representa­
tive bacterial species (Table 4*5) and with faecal homogenate samples 
of normal individuals (Fig. 4.16) were made inorder to discover the 
in vitro utilization of these sugars . Our results show that the
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Figure 4*16
Complex sugar mixture incubated with faecal 
homogenate under anaerobic conditions
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overpopulation of Esch. coli and Ent. aerogenes in the faecal flora 
can give the high percentage utilization of Xyl and Rha and thus 
tends to produce the results similar to those observed in in vivo 
studies
Studies for a " Protecting sugar "
A number of experiments were performed in an attempt to find a 
carbohydrate which was utilized preferentially when added to the 
complex sugar mixture . pentose , hexosesand hexitolsi.e.
L-arabinose , D-fructose , D-mannose , D-sorbitol and D-mannitol 
were incubated with a faecal homogenate together with complex sugar 
mixture . Incubations were made for at least 10 h and growth was 
monitored by observing pH and optical density of the culture medium 
each hour . On incubation in the presence of L-arabinose , no 
diauxic growth was observed and arabinose was found to be utilized 
simultaneously with Xyl , Rha and lactulose (Pig. 4.1?) . Similar 
results with mannose (Fig. 4.18) , sorbitol , mannitol and fructose 
were observed .
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Discussion
Either D-xylose or L-rhamnose can be used as a fermentable carbon 
source by Esch. coli , Ent. aerogenes , B. vulgatus and B. thetaiota- 
omicron . 3-0-Methyl-D-Glucose was not utilized by these organisms 
although it has been shown to be catabolized by yeast via the 
déméthylation process with the production of methanol and mannose 
(Bhanot and Brown , I98O) .
The catabolism of Xyl in Esch. coli has been previously shown to 
involve three inducible enzymes i.e. D-xylose permease , D-xylose 
isomerase and D-xylulokinase (David and Weismeyer, I9 7 0) , and these 
are apparently identical to those in Ent. aerogenes (Wood , I9 6 6) . 
Only D-xylose induced the synthesis of the isomerase and kinase 
(Shamanna and Sanderson , 1979) • However , in Ent. aerogenes both 
D-xylose isomerase and D-xylulokinase were induced to a limited 
extent by D-lyxo.se (Wood , I9 6 6) •
In the present study , D-xylose and L-rhamnose were utilized 
simultaneously in all four selected species , indicating that these 
two carbohydrates do not exert any regulatory mechanism on each 
other . Addition of D-glucose regulated the utilization of these 
sugars . In Esch. coli the utilization of both Xyl and Rha stopped 
on addition of Glc (Fig. 4.14) . This may have been due to the 
repression of the synthesis of D-xylose isomerase as shown previously 
(Shamanna and Sanderson ,1979) • Such repression can be reversed by 
the addition of cAMP , suggesting that this effect is due to a 
lowering of intracellular cAMP levels (Shamanna and Sanderson , 1979)*
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In Ent. aerogenes., however , Glc repressed the utilization of Xyl 
only (Pig. 4 .15) • Both Glc and Rha were utilized simultaneously and 
after the depletion of Glc , utilization of Xyl was resumed (Pig. 4.15) 
suggesting that only Xyl utilization was regulated by Glc in 
Ent. aerogenes . The mechanism for this remains to be elucidated .
Unlike the facultatively anaerobes Esch. coli and other members of 
the Enterobacteriaceae , neither B. fragilis nor B. thetaiotaomicron 
contain cAMP , cAMP phosphodiesterase or adenylate cyclase activity 
(Hylemon and Phibbs , 1974 » Siegel et , 1977) . Our studies 
show that cultures growing on Xyl and Rha (Pigs. 4 .11 , 4.12) and 
also in the presence of Glc did not exhibit a diauxic growth pattern . 
The disappearance of sugars from the medium indicated that these 
sugars are utilized simultaneously , and their utilization by both 
B. vulgatus and B. thetaiotaomicron was not regulated by Glc .
The major non-gaseous products of Xyl fermentation of Esch. coli and 
Ent. aerogenes (Table 4 .I) were similar to the mixed acid fermentation 
products (Stanier et al., 197&), as mentioned earlier(Pig. 1.6) , 
which are qualitatively the same when these organisms were cultured 
on Xyl or Glc (Reynolds and Workman , 1937) . Similar products of 
mixed acids were produced by Esch. coli and Ent. aerogenes when 
cultured on L-rhamnose (Table 4.2) .
The non-gaseous products of Rha and Xyl fermentation of B. vulgatus 
and B. thetaiotaomicron were qualitatively similar (Table 4.1 , 4.2) 
and were identical to those produced by Glc (Holdeman et al., 1977) • 
Transport processes in Bacteroides have not been extensively studied ,
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and although it ig known that transport of Glc and mannose in 
B. thetaiotaomicron is carrier mediated , PTS is not involved 
(Hylemon ejb , 197?) • Once inside the cell , catabolism of hexoses 
to pyruvate is possibly accomplished via the Embden Meyerhof Pamas 
pathway , in that fructose 1,6-diphosphate aldolase activity has 
been detected in all Bacteroides species (Macy and Probst , 1979 » 
Hylemon et al., 1977 » Miller and Wolin , 1979) and this usually a 
reflection of the presence of Embdem Meyerhof pathway (Macy and 
Probst , 1979) .
All pentose-fermenting , ethanol producing bacteria appear to use a 
combination of the pentose phosphate and Embden Meyerhof pathways 
for the conversion of pent(ul)ose phosphate to the key intermediate 
pyruvic acid (Rosenberg , I9 8O) . This suggests that Embden Meyerhof 
pathway might be commonly used by Esch. coli and Ent. aerogenes for 
the degradation of both Xyl and Rha (Fig. I.4 ) ,
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Chapter 5  ^ RESULTS (continued),,.
Transport of D-xylose . L-rhamnose and 5-0-methvl-dc-D-glucose 
into Ent . aerogenes
Sugar entry measured by an optical method
When washed cells of Ent. aerogenes , suspended in a soln of low 
osmotic pressure were exposed to a hypertonic soln of NaCl , an 
immediate rise in optical density of the suspension was observed ,
The decrease of transmitted light was due to the increase in 
scattering resulting from plasmolysis . This cytoplasmic shrinkage 
was maintained because of the relative impermeability of the cell 
membrane to NaCl (Fig. 5*0 • When a similar suspension was exposed 
to a hypertonic soln of glycerol , osmotically equivalent to the 
NaCl soln , the cells shrank briefly and then regained their 
original volume as glycerol equilibrated across the plasma membrane . 
The rate of approach to a steady optical density value was directly 
related to the rate of entry of glycerol . The simple dilution of 
similar cell suspensions caused a decrease in optical density but the 
final optical density of the cell suspension treared with glycerol 
was lower than that of water , which was probably due to differences 
in refractive indices of the two media (Fig. 5-l) •
Similar results were obtained when washed cells of Esch. coli were 
exposed as a control to these solutions (Fig. 5.l) , suggesting that 
plasmolysis of Ent. aerogenes with glycerol occurs the same way as 
in Esch. coli .
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Figuré-5.1
The chanis:e of optical density of cell suspensions of 
Esch. coli (a ) , and Ent. aerogenes (b ) , upon being
mixed with various diluents
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Hypertonic NaCl (a ) , Water (o) and hypertonic glycerol (•) 
The cells were grown on basal medium .
/
The first three sec of each curve were believed to be 
inaccurate due to instrumental artifact .
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Figure 5.2
The change of optical density of cell suspensions of 
Ent. aerogenes upon being mixed with 0,25 M sugars
60SO
T I M E  (sec)
The cells were grown on basal medium •
A ; glucose , B : xylose , C : rhamnose
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Hypertonic solutions (0.25M) of Xyl , Rha and Glc were treated the 
same way with Ent. aerogenes . The mean values of at least three 
different experiments observed were found to be similar (Pig. 5»2) .
In order to find out whether the cellular permeability to glycerol 
was effected in the presence of other sugars , Ent. aerogenes were 
grown on medium supplemented with different sugars . The presence of 
Glc in the growth medium repressed the permeability to glycerol as 
indicated by the slower approach to equilibrium (Pig. 5.5) , in 
comparison with cells grown on basal medium alone (Fig. 5-1) • The 
presence of . Hha - in the growth medium had little effect on the 
diffusion of glycerol across the cell membrane . On the other hand , 
cells grown in the presence of glycerol greatly increased the 
permeability to glycerol so that its rate of equilibrium was too 
rapid to be recorded (Fig. 5.3) . Esch. coli , grown on Rha 
supplemented medium , repressed the permeability of cell membrane 
to glycerol (Pig. 5 .4 ) .
Rate and control of sugar entry
Rapid entry of Rha into Ent. aerogenes was observed when the cells 
were grown on basal medium . D-Glucose , which is a known substrate 
for these cells , showed very low initial velocity . When mixture of 
Xyl and Rha was exposed to these cells , a much reduced rate of sugar 
entry was observed (Table 5.1) » " ' *
/
Glucose-grown cells showed an increase in the initial velocity of 
Glc entry while the entry of other sugars was greatly repressed 
(Table 5.2) • When the cells , grown in the presence of Rha , were
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Figure 5.3
Glycerol permeability of Ent. aerogenes
so ê
T I M E  (sec
SC 60
Cells were grown on basal medium supplemented with 
25 mM rhamnose (a ) , glucose (b ) , glycerol (C) .
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Figure 5.4
Glycerol permeability of Esch. coli
1*7
1-5
1-4
M
IT So 4S' Co
T I M E  (sec )
Cells were grown on basal medium added with 25 mM 
sugar . A : rhamnose , B ; glucose , C : glycerol .
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Table 5.1
Rate of sugar entry into Ent. aerogenes
Sugar T -J- (min) Initial velocity
( A %  total shrinkage/min
Rhamnose 2.5 12.6
Xylose 5.5 9.1
Glucose 6.1 4.8
5-Ù-methyl-D-Glucose 5.4 5.1
Lactulose 5.4 8.2
Xylose + Rhamnose 7.2 5.8
* * Tg and initial velocity were calculated from the change
of the optical density after addition of cells to 0 .2 5  M 
substrate solutions . Values given represent the mean 
of three independent experiments .
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exposed to these sugars , an increased T ^ with a concomitant 
decreased initial velocity was observed generally , but the entry of 
both Glc and its analogue ^mGlc was repressed (Table 5-2) •
Uptake of DfU-^^C jxylose and 3-0-methyl-oc-PfU-^C] glucose 
Cultural conditions affected the ability of whole cells to take up 
D[U-^C]xylose (Pig. 5.5) and methyl-ac-U[U-r *^C]glucose (Pig. 5.6) . 
Whole cell suspensions prepared from cells grown on Xyl-supplemented 
medium took up U[U-'^C]xylose at a much faster rate than those 
prepared from cells grown in basal medium only or medium with added 
Rha ' (Pig. 5.5) • Glucose grown cells inhibited the transport of 
U[U-J^C]xylose into the whole cell suspensions of Ent. aerogenes .
The uptake of methyl-D[U -^C]glucose was linear for only about the ' 
first min and the rate decreased thereafter presumably because of the 
intracellular concentration of the analogue and its phosphate 
approached the steady-state value (Gachelin , 1970) . The cells 
cultured from Glc-supplemented medium gave a high rate of methyl-cx-D 
[U- glucose uptake as compared to the cells grown on basal medium 
alone or on mediums supplemented with Xyl or Rha (Pig. 5.6) .
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Figure 5.5
Uptake of P[U~^Clxylose by washed suspensions 
Ent. aerogenes
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The cells were grown on basal medium (e), medium 
containing glucose (o), rhamnose (A) or xylose (a) 
as sole carbon source.
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Figure 5,6
Uptake of 5-0-methyl-<K-DfU-Mc]gluoose by 
washed suspensions of Ent. aerogenes
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The cells were grown on basal mcdiun (*), medium 
containing glucose (o), xylose (A) or rhamnose (•) 
as sole carbon source. See text for detail.
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Discussion ^
The plasmolysis - deplasmolysis technique was applied to bacteria in 
1903 by Fisher , who showed that when bacteria were suspended in 
concentrated solutions of non penetrating substances such as NaCl or 
sucrose, water was withdrawn from the interior of the cell and cyto­
plasm with its surrounding plasma membrane pulled away from the rigid 
cell wall ,
Shrinkage of whole bacterial cells after transfer from dilute to 
concentrated salt solutions has been investigated (Johnson and Harvey, 
193 7) . Salt induced contraction of many other gram - negative bacteria 
has been reported (Bemheim , 19^3 ; Henneman and Umbreit , I964 ;
Mager et , 1956) and there appeared to be a close association 
between whole cell shrinkage and observable plasmolysis . Gram-positive 
bacteria also can made to shrink in salt solutions , even though they 
are not readily plasmolyzed (Mitchell and Moyle , 1956) .
The present studies indicate that cells of Ent. aerogenes possess 
the property of plasmolysis deplasmolysis (Fig. 3.1 B) the same way 
as Esch. coli (Fig. 5*1 A) when the cell suspensions were brought in 
contact with hypertonic solutions of NaCl and glycerol (Sanno at al., 
1 9 6 8) . The presence of L-glucose in the growth medium repress the 
cellular permeability to glycerol (Fig. 5.3 ®) » while the glycerol 
grown cells greatly increase the permeability to glycerol so $hat its 
rate of equilibrium is too rapid to be recorded (Pig. 5.3 C) . The 
movement of both Glc and Rha across the plasma membrane of 
Ent. aerogenes is observed (Fig. 5.2). The initial velocity and the 
rate of Rha entry into Ent. aerogenes repress when the cells
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are grown in the ^  Glc - supplemented media (Table 5.2) suggesting 
that these two carbohydrates might not share the same mechanism of 
transport , nevertheless a simultaneous utilization of Glc and Rha 
is observedJ(Fig. 4.15.) ..
The uptake of d[U-^J xylose and methyl-oc-D[U-^c]glucose by wasned 
suspensions of Ent. aerogenes indicate that cultural conditions 
affect the entry to a great extent . Xylose induced cells enhance 
the uptake of d[U-^c]xylose whereas glucose induced cells repress 
it (Fig. 5.5) . Although the chemical nature of intracellular 
D[U-*^CJxylose has not been observed , it is believed that this 
transport is not via the phosphoenolpyruvate; sugar phosphotransferase 
system . On the other hand , the uptake of methyl- glucose by
Esch. coli is via the PT-System (Komberg and Reeves, 1972) . The 
presence of glucose in the growth medium accelerates the rate of 
uptake of methyl-D-{lA]glucose, in the present study (Fig. 5.6 ) , 
suggests that both glucose and its analogue , 3-0-methyT-D-glucose 
share the same mechanism of transport .
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Chapter 6
DISCUSSION
The amounts of D-xylose and L—rhamnose fermented by the 56 strains 
of intestinal organisms tested indicate that these two carbohydrates 
can be utilized substantially under both aerobic (Table 3.I) and 
anaerobic conditions (Table 5.2 , 3.5) • The glucose analogue , 
3-0-methyl- oc-D-glucose was not utilized by any of these organisms , 
possibly because of a lack of a key enzyme or membrane transport 
protein required for its metabolism . 3-0-methyl- oc-D-glucose can 
be metabolised by an obligate aerobic yeast Cryptococcus laurenti , 
in which the utilization requires a transeliminase to remove the 
0-methyl group and a hydrase to generate glucose or mannose from 
the six carbon product (Bhanot and Brown , I9 8O) .
Streptococci , which are the bacteria most frequently isolated from 
the normal upper small intestine (Dellipiani and Girdwood , I9 6 4) 
exhibit a rather low ability to use D-xylose and L-rhamnose . Strains 
of Lactobacilli which are also normally isolated from the jejunum 
(Gorbach £t al., 19&7 » Hamilton £t , 1970) utilize these two 
sugars moderately (Table 3.2) .
Both conforms and Bacteroides , which occur less frequently in the 
jejunum (Drasar and Hill , 1974) and also in small numbers (less than 
100 bacteria/ml intestinal contents) , utilize large amounts of both 
Xyl and Rha (Table 3.2 , 5.5) » the extent of which was confirmed by 
their comparatively high rates of uptake during exponential and
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stationary phases of growth (Fig. 4.1 7 4 .6 ) .This suggests that 
such organisms are important.in the metabolism of these sugars •
Gorbach ejk ^  . (1970) found coliforms commonly and in large numbers 
in adults studied in West Bengal and they and others (Klipstein et al., 
1975 9 1976) have suggested that this may be important in the 
pathogenesis of tropical sprue . Extensive Xyl utilization by coliforms, 
isolated from the upper small intestine of patients with various 
intestinal disorders , has also been reported previously (Goldstein 
et al., 1970) .
The ir vivo permeability test for various degrees of small intestinal 
abnormality by the use of oral doses of single sugars has been 
developed over the last 20 years (Fourman , 1948 ; Finlay et ^ . , 1958; 
Christiansen et al., 1959 ; Fordtran et ^ . , 1962) . In particular ,
Xyl has been used in the diagnosis of coeliac disease and small bowel 
disorders , producing malabsorption in children (Buts £t ^ . , 1978 ; 
Relies et ^ . , 1975 » Hawkins , 1970) and also tropical sprue (lose 
et al., 1975 ; Sleisenger , I9 6 9) and despite their widespread 
clinical use , little is known about the metabolism of these sugars 
by the human gut flora . It is possible that the values obtained for 
intestinal absorption of these sugars are incorrect due to their 
fermentation by organisms in the small intestine as has been 
speculated earlier (Goldstein et al., 1970) .
More recent studies have concluded that these sugar absorptiôn tests , 
particularly D-xylose absorption , serve little purpose in routine 
practice (Krawitt and Beeken , 1975 » Sladen and Kumar , 1975 ) *
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since impaired XyJ. absorption is often reported in African subjects 
(Cook , 197 2) , even when the jejunal mucosa appears normal (Cook 
et al., 1 96 9) .
To make the test more useful , Xyl has been added with 3mGlc to 
provide a differential absorption measurement which exploits the 
contrasting sensitivity of these two sugars (see introduction section) 
to impaired intestinal absorption (Noone e ^ ^ . ,  1982) . Plasma 
Xyl/5mGlc ratios measured 60 min after oral administration (5 .O and 
2 ,5  g , respectively) gave a more reproducible normal range and 
better diagnostic discrimination than Xyl concentration alone .
Intact oligo saccharides permeate in normal intestine very slowly 
(Menzies , 1974) • Intestinal permeability to these relatively large 
molecules (i.e. lactulose) increases when the intestine is damaged , 
as in coeliac disease (Menzies , 1974 ; Cobden ejb a^., I9 8O ; Menzies 
e_^a^., 1 97 9) 9 in some types of acute gastroenteritis and also , 
temporarily , after the ingestion of hyperosmolar solutions (Menzies, 
1974 ; Laker ^  1977 ; Wheeler , 1978) • By contrast,the
permeation of monosaccharide markers such as mannitol (Cobden et al., 
I9 8O ; Hamilton e;^  a^., 1982) and L-rhamnose (Menzies et al., 1979) 
across the healthy intestinal epithelium is much greater , but 
becomes decreased when the absorptive area is reduced by villous 
atrophy as in coeliac disease (Cobden et al., I98O ; Menzies et al.,
1 97 9) .
Both types of permeability can be estimated simultaneously by using 
the markers in combination , thus cellobiose - mannitol (Cobden et al..
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1980 ; Hamilton et 1982) and lactulose-rhamnose (Menzies et al.,
1979 ; Beach e ^ ^ , , 1982) tests of differential permeability have 
been described . In more recent studies , Menzies and co-workers(1983 ) 
have shown that when a more complex sugar mixture (see section 2.2.2.c) 
is employed for differential absorption studies on the abnormal 
intestine , the ratio of lactulose/rhamnose excreted in the urine 
increases in comparison to the healthy values whereas the ratio of 
Xyl/3mGlc decreases .
Our studies performed m  vitro using these complex sugar mixtures 
indicate that when these complex mixtures are incubated with individual 
species of bacteria (i.e. Esch. coli , Ent. aerogenes , Lactobacillus 
fermentum and Bacteroides species) , rhamnose is utilized more than 
lactulose and xylose is used more than 3mGlc (which is not,in fact , 
utilized at all) (Table 4*5) . There is , therefore , a correspondence 
between the increased utilization of rhamnose and xylose in vitro 
tests , and the relatively decreased uptake of the same sugars in the 
in vivo perfusion tests on abnormal intestine with respect to healthy 
intestine (Menzies £t ^ . , 1983) •
Our results , however , are not comparable with the perfusion studies.
In vivo methods have a close relevance to physiological and clinical
situations , but in vitro utilization does not reflect the conditions
in the living , dynamically active gut , where nutrients are constantly
/
added and metabolites removed . The in vitro studies do indicate that 
some bacteria isolated from the gut or faeces , are capable of 
metabolising the sugars used in the intestinal permeability test .
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However it seems likely that any relationship between differential 
utilization of these sugars by the gut bacteria , and changes in the 
differential uptake of the sugars in the abnormal intestine is 
coincidental .
The interpretation of the effects of disease on the ability of the gut 
to absorb xylose and other sugar mixtures is based upon the blood 
xylose concentration/time (or 'absorption') curve , or on excretion 
rates in the urine . The blood xylose test gives a more reliable index 
of small bowel function since differences in the blood xylose level 
between healthy and abnormal individuals can be detected as quickly 
as 60 min after ingestion (Buts e^ , 1978 ; Hawkins, 1970 ; Holies 
et al., 1 97 3) or at the most 90 min in adults (Sladen and Kumar , 1973; 
Cook , 1981) .
In the present study we show that under anaerobic conditions Xyl is 
metabolised very slowly by Esch. coli (Fig. 4 .3) and Ent. aerogenes 
(Fig. 4 .4 ) even at the optimal concentration of 25mM , so that only 
2-3% is utilized in the first 2 h of incubation . Bacteroides species 
metabolised Xyl much more slowly, 2-3% in 4 h (Fig. 4 .5  , 4 .6 ) .
Thus the initial rate of utilization of this marker sugar by thé gut 
bacteria appears to be sufficiently slow that it would not interfere 
with the intestinal absorption test , provided that the marker sugar 
level in the blood is monitored / 2 h after ingestion .
/
It has been suggested that a protecting sugar , which can be metabo­
lised preferentially to these 'marker' sugars , might give a rather
more clearer picture of the intestinal permeability .
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For example , Glc^is utilized by Esch. coli preferentially to Xyl 
(Fig, 4 .14) so that it might inhibit the bacterial utilization of Xyl 
during the permeability test . Glc itself has some disadvantages as a 
protecting agent in the absorption tests . It is rapidly absorbed by 
the intestine , so that its concentration in the intestine might 
significantly decrease on the time scale ofthe Xyl permeability test .
A number of other sugars including pentoses , hexoses and hexitols 
have been utilized in the present study but none of these have 
markedly inhibited utilization of the marker sugars (compare Fig. 4 .16 
with 4 .1 7 and 4 .1 8) .
In conclusion it appears clear from the current study that a variety 
of intestinal bacteria are capable of utilizing Xyl and Rha . 5niGlc 
was not metabolised by any of the species used in this study . 
Facultative anaerobes metabolise Xyl and Rha under both aerobic and 
anaerobic conditions but the rates of utilization under aerobic 
conditions are 3-5 fold higher as compared to anaerobic conditions .
The studies,with individual bacterial strains and with faecal 
homogenates,indicate that the rate of metabolism of Xyl and Rha 
should not interfere significantly with their use as markers in the 
intestinal absorption test .
Glucose inhibits the metabolism of both Xyl and Rha in Esch. coli , 
but in Ent. aerogenes , only Xyl utilization is inhibited .
The products of Xyl and Rha metabolism by Esch. coli , Ent. aerogenes , 
B. vulgatus and B. thetaiotaomicron have been characterised .
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These results shotild facilitate future work on the complex subject 
of perfusion studies , especially in cases where a profuse bacterial 
flora is present in the small intestine . Further studies should 
attempt to obtain a protecting sugar which both inhibits utilization 
of the marker sugar by gut bacteria , and is not rapidly absorbed by 
the small intestine • Attempts to measure marker sugar utilization 
by gut bacteria under conditions which more closely simulate the 
abnormal gut environment should also be carried out to confirm the 
results presented in this thesis •
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